JOINT EDITORS: 
E. FALKNER HILL T. CECIL GRAY © 


Editor of Postgraduate Educational Numbers R. P. HarsorD 


Volume XXXI February 1959 











The local anaesthetic of choice 














REGD 


xylocaine 


Our new booklet ‘X YLOCAINE’ in General 


Practice is now available to the family doctor 


Specialists in anaesthesia will no doubt wish 

to see how we are putting this subject to the 

general practitioner and we will, therefore, be 

glad to send a copy to any reader of this 
Journal. 


DUNCAN FLOCKHART OF EDINBURGH 


The Doctors’ House 


Duncan, Flockhart & Co. Ltd., Edinburgh 11 








SSIES Fe, 


tgp: 


Fs telco 


wey 


bi aaa dee Nees 








IN t 
feel 
trag, 


and 
that 
ing. 


to W 
drug 
is kn 
as a 
areas 
Tho: 


to te 
must 
anotl 
serio 


the < 
them 
exam 
to th 
to tin 
at thi 


ew 


yaa. 


os 


eee SSET 


To PREIS 


rae Fas tial De 


LSI sk Se a 


; 
zi] 
3 


“I would have everie man write what he knowes and no more.” —MONTAIGNE 
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EDITORIAL 


ANAESTHETICS AND ADDICTION 


In the face of the sympathy which we all must 
feel for those immediately concerned in a recent 
tragic case of addiction to anaesthetic drugs, it is 
difficult to steer between the Charybdis of Justice 
and the Scylla of Mercy. There are certain things 
that want saying. There should be no stone throw- 
ing. 

Addiction may occur in any individual who has 
to work with or who has ready access to certain 
drugs. For example, addiction to trichloroethylene 
is known to occur among those who work with it 
as a degreasing agent and is indeed in certain 
areas quite a problem among young people. 
Those, however, who work in hospital, whether 
medically qualified or not, are especially exposed 
to temptation and it is when these individuals 
must carry the responsibility for the life of 
another that the position becomes critical and 
serious. 

In the case of anaesthetists, it has indeed been 
the custom for at least the last sixty years for 
them to be encouraged both by precept and 
example to inhale the vapour they are giving 
to the patient, not continuously, but from time 
to time to judge its strength. Is it to be wondered 
at that occasionally this develops into habit? In 


the days when chloroform and ether were given 
by the open method, no anaesthetist left a three- 
hour operating session without being somewhat 
poisoned by or under the influence of these drugs, 
albeit unconsciously. The need to “sniff” the 
anaesthetic must be less in these days, but many 
still teach the practice, and an anaesthetist can 
hardly be condemned for what he may regard 
as an important safety measure. The small risk of 
addiction developing must be balanced against 
the much greater risk to which patients may be 
subjected, if this safeguard is not practised. It 
has been life saving. 


When, however, a man finds that he has 
acquired a taste for vapours or drugs, he has two 
alternatives—to give up the anaesthetic or the 
anaesthetizing. Both decisions are so hard that 
few men are capable of either. 


Perhaps the publicity attendant on this case 
will draw the attention of all concerned, including 
those making appointments and those recom- 
mending candidates for appointments. In this 
latter respect the tolerance and kindness of 
senior colleagues may prove both mistaken and 
disastrous. 
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THE ACTION OF THE HALOTHANE-DIETHYL ETHER AZEOTROPIC 
MIXTURE ON EXPERIMENTAL ANIMALS 


BY 


J. RAVENTOS AND J. DEE 


Imperial Chemical Industries Limited, Pharmaceuticals Division, 
Alderley Park, Macclesfield, Cheshire 


Many mixtures of volatile anaesthetics have been 
used in the past with some success, but they are 
difficult to handle in the modern anaesthetic 
apparatus. Because of the differences in the boil- 
ing points of the components of these mixtures, 
they volatilize at different rates and therefore it 
is almost impossible to know their concentration 
in the anaesthetic mixture administered to the 
patient. This difficulty can be overcome by the 
use of several vaporizers, each filled with a dif- 
ferent agent, and the anaesthetist can regulate the 
composition of the anaesthetic mixtures by con- 
trolling the output of each vaporizer. 

Another way to solve this problem is by the 
use of azeotropic mixtures of volatile anaesthetics. 
An azeotropic mixture is defined as a mixture of 
two or more liquids distilling over in a certain 
ratio at a constant boiling temperature. Hudon 
and his collaborators (1958) have found that an 
azeotrope is formed when 2 vols. of halothane are 
mixed with 1 vol. of diethyl ether; this mixture 
has a boiling point of 51.5°C and gives out 
vapours containing halothane and ether in the 
proportion of 2:1. These authors have investi- 
gated the anaesthetic action of this azeotrope in 
more than 1,000 cases and have compared its 
action with the effects of halothane observed in 
over 3,000 cases. They claim that its effect, 
although very similar to that of halothane, has 
the following advantages : 

(1) It produces an increase in the respiratory 
minute volume during induction and main- 
tenance of anaesthesia. 

(2) It causes less hypotension and less frequent 
cardiac irregularities than halothane. 

(3) It is easier to control, and it has a larger 
margin of safety than halothane. 

After reading Hudon’s observations, we thought 
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that it would be interesting to see if these claims 
could be confirmed in experimental animals. In 
the experiments described below, therefore, we 
compared the effects of the azeotrope with those 
of halothane. 


PREPARATION AND DESCRIPTION OF THE HALO- 
THANE-DIETHYL ETHER AZEOTROPIC MIXTURE 


Boivin, Hudon and Jacques (1958) found that 
when halothane and ether are mixed they pass 
into solution, and the temperature rises. The 
volume of an ether-halothane mixture, in propor- 
tion of 1:2, which has cooled down to room tem- 
perature is reduced by 1.2 per cent. If one distils 
this mixture a main fraction is collected distilling 
at 51.5°C and which contains 31.7 per cent of 
ether and 68.3 per cent of halothane. When a 
Boyle’s apparatus is used, the vapours produced 
by the evaporation of this azeotrope contain its 
components in the proportions mentioned above. 

The azeotrope is not inflammable but its 
vapours are explosive when mixed with O, in 
relatively high concentrations. 


METHODS 


The lower ranges of inflammability of the azeo- 
trope vapours in O, and in N,O + O, were 
measured at the Research Laboratories of the 
General Chemicals Division of I.C.I., Widnes, 
using the standard method of the U.S.A. Bureau 
of Mines (Jones et al., 1933). 

The median anaesthetic (AC5O) and the 
median lethal (LCS0) concentrations of halothane 
and of the azeotrope were assessed in mice using 
Raventés’ method (1956). 

In other experiments, cats were anaesthetized 
with chloralose (60 mg/kg, i.v.); these animals 
were allowed to inhale mixtures of known con- 
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centrations of halothane, or of the azeotrope in 
O,. Tracings of the blood pressure were obtained 
by means of a mercury manometer connected to 
the carotid artery, and the respiratory minute 
volume was recorded using a modified Gaddum’s 
apparatus (1941). The e.c.g. of these animals was 
recorded with a portable Ediswan encephalograph 
and these tracings were used for the measurement 
of the heart rate and for detection of cardiac 
irregularities. 

The hypersensitivity of the heart to adrenaline 
produced by halothane and by the azeotrope was 
measured in dogs that had been anaesthetized 
with these agents for at least 30 minutes. The 
adrenaline (4 ug/kg/min) was administered intra- 
venously at a rate of 0.35 ml/min by means of a 
continuous injection apparatus until extrasystoles 
appeared in the e.c.g. tracings. The degree of 
hypersensitivity was assessed by the total amount 
of adrenaline required for the production of extra- 
systoles and by the time during which these were 
present in the e.c.g. A first experiment was car- 
ried out with one of the two agents and this was 
repeated some days later with the other agent. 

In other experiments, the same dogs were 
anaesthetized first with halothane, and the sensi- 
tivity of the heart to adrenaline was measured as 
described above. Once the heart had become 
normal, the animal was given the azeotrope to 
inhale for about 1 hour before a second adrena- 
line test was carried out. No significant differences 
were observed in the experiments carried out 
with these two procedures. 


RESULTS 
Inflammability. 

The lower limits of flammability of the vapours 
of the azeotrope in O, and in O, + N,O were 
compared with those of ether under the same con- 
ditions (table I). The results summarized in 
table I show that there is almost no difference 
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between the flammability of ether and that of the 
azeotrope, present in the same proportions. There 
could be a risk, therefore, of explosions in the 
use of the azeotrope in high concentrations, such 
as those needed for the induction of anaesthesia. 


Assessment of the ACSO and LCSO of halothane 
and of azeotrope. 

Batches of 10 mice each were exposed for 60 
minutes to mixtures of known concentrations of 
halothane and the azeotrope. The incidences of 
anaesthesia and death were recorded at regular 
intervals during the experiments, and the tests 
were repeated three times with every concentra- 
tion of agent studied in this series. The results 
of the individual experiments were pooled for the 
statistical calculation of the AC50, LC50, and the 
ratio of potency of the two preparations. A total 
of 240 mice were used in these experiments: 
table II summarizes these results. 

It was found that the anaesthetic and lethal 
concentrations of the azeotrope are significantly 
larger than those of halothane. The ratio LC50/ 
ACSO of the azeotrope, which is an indication of 
the safety margin of a compound, is slightly, but 
not significantly, lower than that of halothane. 
This is an indication that for practical purposes 
both halothane and the azeotrope are, at least for 
mice, equally safe anaesthetics. 

The calculated ratio of potency of halothane/ 
azeotrope found in these experiments is 1.38 with 
95 per cent confidence limits of 1.31 to 1.45. If 
the ether in the azeotrope acted merely as an 
inert diluent, this ratio would be 1.51, and, it 
must be concluded that the ether has some effect, 
even when administered in the small amounts 
present in the azeotrope mixtures tested in these 
experiments. As from earlier experiments (Raven- 
tés, 1956) it is known that the ratio of potencies 
of halothane to ether is between 3.5 and 4.0, one 
must assume that if the effects of the two agents 


TABLE I 
Lower limits of flammability of halothane-ether azeotrope and diethyl ether. 





Lower limits 


Ether 





conc. % v/v conc. % v/v 
Ether in O, ia Si 2.1 2.1 
Ether in 25% O,, 75% N,O 1.5 i.5 
Azeotrope in O, AS. a 8.0 2.66 
Azeotrope in 50% O,, 50% N,O 5.2 Ay 
Azeotrope in 20% O,, 80% N,O Be 1.9 
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TABLE II 


Action of halothane and of the azeotrope on mice after 30 minutes exposure. 
(Figures in brackets indicate the 95 per cent limits of confidence.) 





Halothane content of the 
azeotrope mixtures 

















AC/50 LC/50 Ratio ACS50 LCSO Ratio of potency 
% viv % viv LCS50/ACS50 % viv % ViV halothane/azeotrope 
Halothane ... 0.92 3.16 3.42 0.92 3.16 
(0.88-0.96) (2.90-3.44) (3.10-3.76) 
~ Azeotrope ... 1.28 4.25 3.32 0.84 2.82 
(1.23-1.33) (3.93-4.59) (3.04-3.62) 
Ratio of potency 1.38 
found (1.31-1.45) 
Theoretically if the 
action of ether is: 
(a) diluent... : 1.51 
(6) additive 1.32 
<1.25 


(c) potentiation ... 





present in the azeotrope were purely additive, 
the ratio of potency of halothane to azeotrope 
would be 1.32. It seems, then, that the most prob- 
able result is that the actions of halothane and 
that of ether are additive in the azeotrope, but 
there may be some slight evidence of the ether 
acting partially as a diluent. 

The results of these experiments, however, do 
not show any evidence of ether potentiating the 
action of halothane. Even taking into account the 
95 per cent limits of experimental errors in direc- 
tions favourable to the azeotrope, the improve- 
ment would be too small for an appreciable 
degree of potentiation. 


Action of the azeotrope on the circulation and 
respiration of cats. 

A comparison of the effects of halothane and 
of the azeotrope was carried out on cats mainly 
because the hypotensive action of halothane is 
more intense in this species than in most experi- 
mental animals. 

In the first series of experiments, cats anaesthe- 
tized with chloralose (60 mg/kg, i.v.) were 
allowed to inhale mixtures of halothane and of 
the azeotrope in O,. After the animals had inhaled 
one of these mixtures for 15 minutes they were 
left to recover, breathing air for 30-45 minutes 
or until the blood pressure and respiration re- 
turned to normal, before administering the other 
vapour mixture. The concentrations of halothane 





used in these experiments was 1.5 per cent v/v 
and that of the azeotrope was 2.2 per cent v/v, 
with an amount of halothane equal to 1.5 per 
cent. This concentration of halothane is similar 
to that necessary for the maintenance of anaes- 
thesia in unpremedicated cats. In some cases 
halothane was administered first, in others it was 
administered after the azeotrope. The order of 
administration of these mixtures did not alter she 
results of these experiments. 

In these results, summarized in table III, the 
intensity of the hypotension, bradycardia, and 
decrease in respiratory rate were about the same, 
irrespective of whether the animals inhaled halo- 
thane or the azeotrope. 

Other chloralozed cats inhaled 1.06 per cent 
halothane for 30-60 minutes, and this was fol- 
lowed without a break by the administration of 
the azeotrope in a concentration of 1.5 per cent 
for another 30-60 minutes. Table IV shows that 
there was no alteration in the blood pressure, 
heart rate and respiratory minute volume after 
the change from halothane to the azeotrope mix- 
tures. Figure 1 gives details of one of these ex- 
periments. 


Experiments on the hypersensitivity of the heart 
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TABLE III 
Iniensity of the hypotension and bradycardia, measured as percentage of the 
normal values, produced on cats after 15 minutes inhalation of halothane and the 
azeotrope. 





Halothane 1.5% v/v 


Azeotrope 2.2% v/v 
(halothane 1.5% + ether 0.7%) 











Exp. Hypotension Bradycardia Hypotension Bradycardia 

% % % % 

1 55 33 52 27 

2 61 19 62 19 

3 58 9 57 9 

4 60 17 65 18 

5 69 7 63 7 

6 66 24 65 22 

7 55 6 57 8 
Means 63.4 16.4 60.1 15.7 





enough amounts to modify significantly the 
adrenaline hypersensitivity produced by halo- 
thane. As we expected to find small differences 
only in the adrenaline hypersensitivity produced 
by the two agents, the procedure described in the 
“methods” section was adopted. It was found 
that this method was more accurate than to inject 
increasing doses of adrenaline, as was done in an 
earlier publication (Raventdés, 1956). 

In four dogs anaesthetized with 1 per cent 
halothane it was found that a total of 5.67 ng/kg 
of adrenaline were needed for the production of 
extrasystoles and these were present in the e.c.g. 
for 84.5 seconds after the infusion of adrenaline 
was stopped. When three of these dogs were 
anaesthetized with 2.2 per cent azeotrope, it was 
found that practically the same amounts of adrena- 
line were needed for the production of extracys- 


toles, and these lasted nearly the same period of 
time as when they were anaesthetized with 1.5 per 
cent halothane. In another dog, however, the dose 
of adrenaline required for the production of extra- 
systoles during azeotrope anaesthesia was about 
50 per cent larger than when the animal was 
under halothane, but the extrasystolic period 
lasted longer when the azeotrope was adminis- 
tered. These experiments are summarized in 
table V. 

It is well known that as a rule experimental 
animals have no spontaneous extrasystoles. In the 
course of our researches on halothane we have 
seen a few cats that had extrasystoles after they 
had been anaesthetized with chloralose; these 
disappeared as soon as halothane was adminis- 
tered. This result is, in a way, a confirmation of 
some of Johnstone’s (1956) observations in man 


TABLE IV 
Intensity of the hypotension, bradycardia and respiratory depression produced in cats at the end of 
1 hour inhalation of halothane (1.06 per cent v/v) followed by the inhalation of the azeotrope 1.5 per cent 
(halothane 1.06 + ether 0.5) for another hour. 

















Normal Halothane Azeotrope 
Blood Heart Resp. Blood Heart Resp. Blood Heart Resp. 
Exp. pressure rate min. vol. pressure rate min. vol. pressure rate min. vol. 
1 144 204 — 88 168 — 92 168 — 
2 164 220 345 106 198 305 102 186 305 
3 150 204 620 86 126 490 83 132 490 
4 124 204 500 70 135 320 68 138 200 
5 196 222 420 90 180 360 70 180 390 
Means 155.6 211.0 471.0 88 161.4 368.7 83 160.8 346.2 
Reduction as 
% of normal — — — 43.5 23.2 21.8 46.7 23.8 23.4 














BRITISH JOURNAL OF ANAESTHESIA 4 





cc 
o 
S 
S 






Minute vol 
a 
°o 
o 


Resp Rate 


ae Oa: a + a + a Oem + e+ om - em @ aes ams aes ees ces es a a a = 





















Be: 
were 
tion 
short] 
azeot! 
cardia 
ing tl 
decrez 
was ff 
events 
repeat 
trates 


irregu: 


Carefu 
concer 
ihe ac 

















TABLE V 
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Records of the blood pressure, heart rate, respiratory rate and minute volume of a 
cat during the inhalation of 1.06 per cent halothane and 1.5 per cent azeotrope. 


Doses of adrenaline that produce extrasystoles in dogs anaesthetized with 1.5 per cent halothane or 
with 2.2 per cent azeotrope (halothane 1.5 per cent + ether 0.7 per cent). 
















Adrenaline 


Dog no. ug/kg 
l 7.13 
2 3.82 
3 6.2 
4 5.53 


Means 5.67 


Halothane 1.5% 


Duration of extra- 
systoles sec 


107 
a 


Azeotrope 2.2 °% 








Adrenaline Duration of extra- 
ug/kg systoles secs 
7.1 106 
3.67 55 
6.0 89.3 
8.32 125 
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Besides this, in one of our cats normal e.c.g.s 
were recorded before and during the administra- 
tion of halothane but extrasystoles appeared 
shortly after the animal started to inhale the 
azeotrope, and the frequency and severity of the 
cardiac irregularities increased progressively dur- 
ing the administration of the azeotrope. These 
decreased and disappeared soon after the animal 
was put to inhale halothane. This sequence of 
events, which is illustrated in figure 2, was 
repeated twice. This exceptional case demons- 
trates that the azeotrope may produce cardiac 
irregularities when halothane fails to do so. 





DISCUSSION 


Careful estimations of the anaesthetic and lethal 
concentrations of the azeotrope have shown that 
the accuracy of the method used in the experi- 
ments was sufficiently high to demonstrate on 
mice the effect of the subanaesthetic concentra- 
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tions of ether present in the azeotrope. From the 
results described above, it seems probable that 
concentrations of ether between 0.35 and 1.66 per 
cent present in the azeotrope mixtures used in 
this series, which per se have no demonstrable 
effects when administered for as long at 2 hours, 
have a partially additive action to halothane. The 
differences in the concentrations of halothane 
and azeotrope that will anaesthetize or kill (ACSO 
or LCSO0) 50 per cent of the mice after 30 minutes 
exposure are perhaps too small for any practical 
purpose if one calculates these values in terms of 
their halothane content. 

The LC50/ACS5O of halothane found in this 
series, 3.42 + 0.32, confirmed our previous results, 
3.3+0.46 (Raventés, 1956). This ratio is not 
significantly different from that of the azeotrope, 
3.32 +0.3, which shows that, at least in mice, 
both agents are equally safe anaesthetics. 
Although we were unable to confirm Hudon’s 
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Fic. 2 
Action of halothane and the azeotrope on the e.c.g. of a cat (lead II). 


Normal. 
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After 90 minutes inhalation of 1.06 per cent halothane. 
After 30 minutes inhalation of 1.5 per cent azeotrope. 
Second halothane inhalation. After 30 minutes. 

Second azeotrope inhalation. After 30 minutes. 
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claim of the larger safety margin of the azeotrope, 
there is, of course, the possibility, even if it is 
remote, that man could tolerate the azeotrope 
better than halothane. 

In the experiments on cats and dogs only two 
concentrations of halothane (1.06 and 1.5 per 
cent) were compared to the azeotrope (1.5 and 
2.2 per cent) because (a) these are concentrations 
generally used during anaesthesia, and (b) with- 
out large modifications of our apparatus, these 
were the only ones that we could prepare con- 
taining the same amounts of halothane. 

With these mixtures it was impossible to 
demonstrate any differences between the hypo- 
tension, bradycardia and minute volume of cats 
when the animals inhaled either agent, and the 
same negative results were obtained when we 
examined the adrenaline hypersensitivity in three 
of four dogs. In a fourth dog, however, it seems 
that the azeotrope produced less hypersensitivity 
than halothane, if one assessed the degree of this 
effect by the dose of adrenaline required for the 
production of extrasystoles; but one also could 
reach the opposite conclusion if the assessment 
were based on the duration of the extrasystolic 
period. 

There is, however, one experiment, described 
in the “results” section, where spontaneous extra- 
systoles were recorded in a cat during the inhala- 
tion of the azeotrope and these disappeared when 
halothane was administered afterwards. The 
interpretation of this result is not easy, and it is 
possible that the ether present in the azeotrope 
could produce an adrenaline discharge, which, 
acting on a heart hypersensitized by the halo- 
thane, reacted with abnormal contractions. If this 
is the explanation, then this result shows that, in 
some cases, the ether content in the azeotrope 
mixtures could have deleterious effects on hearts 
that are easily hypersensitized by halothane. 

The measurement of the lower limits of flam- 
mability of ether done in the laboratories of the 
General Chemicals Division of I.C.I. Ltd., do not 
differ significantly from the azeotrope mixtures 
that contain ether in the same proportions. The 
figures obtained in our laboratories are different 
from those given by Boivin et al. in their original 
paper (1958), but one must be aware that these 
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estimations can be misleading if one compares 
them with those obtained by another method. 
If the azeotrope is used in concentrations 
above 3.5 per cent during induction, these 
mixtures can contain ether in amounts high 
enough to be explosive, especially when its 
vapours are mixed with N,O+O in proportion 
of 1:1. The concentrations needed for maintain- 
ing anaesthesia, however, contain ether in con- 
centrations below the lower limits of flammability, 
and they ought to be safe. 


CONCLUSIONS 


(1) The azeotrope has an ACSO and an LCS0 
about 1.38 times as large as those of halothane. 
Its therapeutic ratio is not significantly different 
from that of halothane. 

(2) The ether contained in the azeotrope has a 











partially additive action to that of halothane. 

(3) The azeotrope causes the same degree of 
hypotension, bradycardia and respiratory depres- 
sion as halothane. 

(4) The hypersensitivity of the heart to adrena- 
line produced by halothane is about the same as 
that caused by the azeotrope. 

(5) The mixture does not eliminate the expio- 
sion hazard which is normally associated with the 
use of ether. 
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ANAESTHESIA WITH THE AZEOTROPIC MIXTURE OF HALOTHANE 
AND DIETHYL ETHER* 


The Effect on Acid-Base Balance, Electrolyte Balance, Cardiac Rhythm 
and Circulatory Dynamics 


BY 


ALLEN B. 
with technical 


DoBKIN 
assistance of 


KEITH DRUMMOND AND NOEL PuRKIN 


From the Department of Anaesthesia, University of Saskatchewan, College of Medicine 
and University Hospital, Saskatoon 


HALOTHANE has some depressant effects on 
circulation and respiration. To minimize these, 
Hudon and Jacques (1958) suggested the addition 
of diethyl ether. The following study was carried 
out to determine whether a mixture of halothane 
and ether produced any gross alterations in acid- 
base balance, electrolyte balance, cardiac rhythm 
and circulatory dynamics in patients undergoing 
prolonged operations, and whether such a mix- 
ture provided satisfactory anaesthetic conditions. 


MATERIALS AND METHODS 


Data were collected from fifty patients and eleven 
dogs. 

The patients were premedicated with pethi- 
dine, together with atropine or scopolamine. 
Induction of anaesthesia was with a “sleep dose” 
of thiopentone and enough gallamine to accomp- 
lish endotracheal intubation. Anaesthesia was 
then maintained in a nonrebreathing system with 
nitrous oxide, oxygen (2:1) and a mixture of 
halothane and diethyl ether (68.3:31.7 v/v) 
(halothane-ether mixture) which was delivered 
from a calibrated Fluotec vaporizer. 


Pulmonary Ventilation 
As in previous studies (Dobkin, 1958a, b, c) 
pulmonary ventilation was regulated mechanically 





*Some short name for “the azeotrophic mixture of 
halothane and diethyl ether” is needed to replace the 
long descriptive phrase. The authors employ the 
unofficial designation halothane-ether mixture for this 
mixture. 
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with a predetermined tidal volume (fixed), pres- 
sure amplitude (variable) and rate of respiration 
(fixed) by means of an Etsten hand ventilator 
connected to the endotracheal tube with nondis- 
tensible tubing through a series of nonreturn 
valves. The ventilator was driven automatically 
by a double-action piston motor,t actuated by 
compressed air. Pulmonary ventilation provided 
in each case was computed from the Radford 
nomogram and was corrected according to factors 
related to the patient’s age, body build, posture 
adopted and the presence of emphysema or cardiac 
incompetence. 


Acid Base and Electrolyte Balance. 

Acid base changes were determined by 
methods described in previous reports (Dobkin, 
1958b, c). Plasma bicarbonate, sodium and 
chloride, total base and blood urea nitrogen were 
determined from blood samples by Scribner’s 
methods (Scribner, 1950; Scribner and Weigert, 
1954; Scribner and Caillouette, 1954; Lile, Villa- 
mil, Rhees and Scribner, 1957). Blood samples 
were taken immediately before induction, after a 
stable surgical plane was established for 20 to 30 
minutes, and at intervals during maintenance of 
anaesthesia. Additional samples were drawn after 
the patient was extubated and again 30 to 60 
minutes later in the recovery room. Blood sugar 
levels were checked in three diabetic patients 
before and after anaesthesia. 





tSupplied by Ohio Chemical and Surgical Equip- 
ment Company, Madison, Wisconsin. 
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Complete serial acid-base analyses (pH, total 
CO,, haematocrit, oxygen saturation and derived 
data) were carried out in ten patients. Serial pH 
determinations only were made in another 
twenty-five. 

Serial electrolyte studies were done on thirty- 
seven patients. 

Variation (standard deviation of the mean) 
observed in the blood data was analyzed statisti- 
cally. The Fisher t test was applied to determine 
whether serial alterations in each patient could 
be due to chance alone. 

Circulatory Dynamics. 

The effect of anaesthesia on circulatory 
dynamics was determined as previously reported 
in a similar study with halothane (Dobkin, 
1958d). 


Animal Studies. 

Experiments were conducted on_ eleven 
medium-size mongrel dogs. After induction of 
anaesthesia with a sleep dose of thiopentone and 
a small amount of suxamethonium to facilitate 
endotracheal intubation, the eleven dogs were 
maintained under anaesthesia with 1 per cent of 
the halothane-ether mixture and nitrous oxide- 
oxygen (2:1) in a nonrebreathing system. Arti- 
ficial respiration was provided throughout the 
experiments with a fixed volume, variable regu- 
lated pressure automatic ventilator. Electrocardio- 
graph tracings (lead 2) were taken with a Sanborn 


TABLE I 


from arterial blood analysis showing effect of halothane-ether mixture anaesthesia on 
acid-base balance. 


Data 
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direct writing Visocardiette before induction of 
anaesthesia, and at intervals during maintenance. 
Twenty minutes after administration of the 
mixture was commenced a continuous e.c.g. trac- 
ing was taken during the intravenous injection 
of 0.02 mg/kg adrenaline and was continued until 
a normal record reappeared and persisted. In each 
experiment the same concentration of adrenaline 
(0.02 mg/ml) and the same rate of injection 
(1 ml/sec.) was used. Another tracing was taken 
during recovery from anaesthesia. 


RESULTS 


Acid-Base Balance. 

The differences between the pre-anaesthetic 
level of pH, plasma bicarbonate, pCO, and 
oxygen saturation and those observed during 
stable anaesthesia were significant in the ten 
patients with complete blood data (P < .001). In 
each case there was some rise in the pH and an 
increase in the percentage oxygen saturation. 
Pulmonary ventilation remained satisfactory dur- 
ing the period of anaesthesia, and the data ob- 
served after anaesthesia showed that acid-base 
balance remained essentially undisturbed (tables 
I and II, fig. 1). 

Similarly, in the twenty-five patients in whom 
serial arterial pH determinations only were made, 
there was no evidence of gross disturbance of 
acid-base balance (table III). 
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TABLE II 


Protocol of ventilation and arterial blood data. Observe that this elderly patient was hyper- 

ventilated (on account of his obesity and emphysema) during 120 minutes of anaesthesia with 

halothane-ether mixture. Acid-base balance returned promptly to the preanaesthetic level as 
soon as anaesthesia was terminated. 




















Patient JC Hosp.” 36229 Age 71 Sex M Ht. 65" Wt. 166f BSA 1.83 Physical State 3-4 

Anaesth 2645 Premed.: Mep.50mg. + Atr. 0.4mg. Anaesthetics: Thiop.400mg. + Gallamine |20mg. + NFE Build: Obese 

Pulm. Vent.: Method- ETSTEN MECH. NR Amplitude +15 Phases 3 

Blood Pressure Preop. 150/100 During Anaesth.: 140/90 Postop.: 130/90 

Ventilation Dotc CONTROL POSTOP. 
Time 7.30 8.20 8.50 9.30 10.00 10.30 11.00 
Tidal Volume SR €00 600 SR SR 
Rate 16 18 18 22 24 
Minute Volume 10.8 L 10.81 

Arterial Blood Data Room air/+-------------- General A th / Room air 
Hgb. 16.7 16.2 
Het. 43 45 45 46 45 47 45 
pH 7.34 7.44 7.45 7.44 7.44 7.40 7.35 
Tote! co, content mM/L 17.3 17.1 15.8 16.2 15.6 15.5 15.3 
Plasma co, content mM/L 21.2 21.0 19.5 20.0 19.1 20.3 18.5 
Fiasma HCO, mM/L 20.1 20.1 18.7 19.1 18.3 17.3 7.5 
pco, mm.Hg. 38 30 28 29 29 32 33 
% O, saturation 86 94 a 92 88 94 Go 








Summary and Remarks. Cholecystectomy and C.B.D. Exploration. Halothane-ether mixture— 
nitrous oxide anaesthesia for 120 minutes. Sharp fall in blood pressure on induction and 
again during traction on the gall bladder. Otherwise this obese, emphysematous and 
jaundiced patient had an uneventful anaesthetic and postoperative course. 
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Represents the mean plasma bicarbonate pH and pCO, 
in the arterial blood in 10 patients during anaesthesia 
with 0.5 to 1 per cent of the halothane-ether mixture. 
The numbered points indicate: (1) before induction; 
(2) after a stable surgical plane of anaesthesia was in 
progress for 30 minutes; (3) mean values from data 
obtained at 30-minute intervals during maintenance; 
(4) immediately after extubation and breathing 
spontaneously: (5) 30 minutes after anaesthesia. 





Serum Electrolytes (230 estimations on 37 
patients). 

There was no statistically significant alteration 
in total base, sodium, bicarbonate or chlorides 
even during very prolonged anaesthesia, although 
there was a trend towards a slight decrease of 


each of these factors (tables IV and V). 


Blood Urea Nitrogen (202 estimations on 31 
patients). 

In none of the case studies was there any signi- 
ficant alteration in the blood urea nitrogen during 
or immediately after the period of anaesthesia. 
Data from these estimations showed so little 
variation that they were not tabulated. 


Blood Sugar. 

There was no significant rise after anaesthesia 
in the three diabetic patients in whom pre- and 
postanaesthetic determinations were made. 


Circulatory Dynamics. 

The data from each patient are shown in tables 
VI and VII. Analyses of the variation (standard 
deviation of the mean) in blood pressure, pulse, 
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Taste III 


Data from serial arterial blood pH determinations 
showing effect of anaesthesia with halothane- ether 
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estimated stroke volume and cardiac output are 
shown by shading one standard deviation about 
the arithmetic mean in figures 2 and 3. 


Systolic Blood Pressure. 

A moderate fall in systolic blood pressure 
(> 10 per cent) occurred in 30 per cent of the 
patients during induction of anaesthesia with 
thiopentone and gallamine. In four patients, the 
pressure continued to fall when the halothane- 
ether mixture was added. These four were given 
atropine (0.4 mg) intravenously. In none of the 
fifty patients was it necessary to administer vaso- 
pressors or myocardial stimulants because partial 
or complete restoration of blood pressure 
occurred spontaneously or shortly following the 
administration of atropine (fig. 4). 
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Diastolic Blood Pressure. 

There was a moderate reduction of diastolic 
blood pressure (> 10 per cent) in 22 per cent of 
the patients during induction of anaesthesia with 
thiopentone and gallamine. These occurred with 
the reduction of systolic blood pressure. Shortly 
after adding the halothane-ether mixture the 
diastolic pressure rose in all but two patients and 
was equal to or exceeded the pre-anaesthetic 
level. 

As with halothane, the only significant change 
in circulatory dynamics was a reduction of the 
pulse pressure, and a slight decrease in the esti- 
mated stroke volume. However, the obvious dif- 
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Variation in circulatory dynamics during anaesthesia 
with halothane-ether mixture in patients under 9 
years. 
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Variation in circulatory dynamics during anaesthesia 
with halothane-ether mixture in patients over 50 
years. 


ference between the effect of halothane and the 
mixture with ether was that no vasopressor or 
myocardial stimulant was required during anaes- 
thesia with the latter, and the estimated cardiac 
output did not vary significantly either in the 
young or the old patients. 


Pulse Rate and Rhythm. 

There was no significant alteration in the pulse 
rate in the group as a whole, although it tended 
to rise more often than to fall. This may have 
been due to the vagolytic effect of gallamine. 
Only one patient developed a pulse irregularity 
during the administration of the halothane-ether 
mixture. This arrhythmia appeared as a nodal 








ANAESTHESIA WITH AZEOTROPIC MIXTURE 57 


rhythm at first, and then as a wandering pace- 
maker on the e.c.g. (Case DS, age 27). Adminis- 
tration of atropine, and later, lanatocide C 
(Cedilanid) did not remove this irregularity. It 
disappeared shortly after anaesthesia was discon- 
tinued. 


Electrocardiograms. 


Except for the case cited above, the halothane- 
ether mixture did not produce any arrhythmias in 
the patients. The dogs had no disturbance of 
cardiac rhythm on the e.c.g., unless adrenaline 
was administered (see fig. 5). Of the eleven dogs 
studied, nine developed serious conduction dis- 
turbances after adrenaline. Nine of the eleven 
dogs survived the experiment, including one 
which developed a short run of ventricular fibril- 
lation that reverted spontaneously after 12 
seconds. Of the two dogs that died, one developed 
ventricular fibrillation, the other had a short run 
of multifocal ventricular extrasystoles followed by 
ventricular tachycardia which reverted to a nor- 
mal rhythm after 20 minutes. This dog died later 
during recovery from anaesthesia. 

The arrhythmias seen with adrenaline during 
1 per cent halothane-ether mixture were similar 
in nature, but of shorter duration and less severe 
than those seen under the same experimental 
conditions in three dogs who were maintained for 
20 minutes with 0.5 per cent halothane. All three 
of these dogs developed ventricular fibrillation 
immediately after injection of 0.02 mg/kg 
adrenaline, and in only one was the application 
of manual systole and electrical defibrillation 
successful. This dog also died in the postanaes- 
thetic period. 

As with halothane, it was usually easy to main- 
tain smooth anaesthesia with concentrations of 
the mixture which did not exceed 1 per cent, even 
with very severe surgical stimulation. Although 
there was no general tendency to marked hypo- 
tension when halothane was used in low concen- 
tration (< 0.6 per cent), there was even less 
depression of blood pressure with halothane-ether 
mixture in low concentration (< 1.0 per cent). 
There was no apparent difference in the ease of 
inflation of the lungs with the automatic ventilator 
during halothane and halothane-ether anaesthesia. 

Supplementary doses of muscle relaxants were 
required less frequently with halothane-ether than 








TABLE IV 


(17 patients, ages 27-48). 


Data from serial determinations of total base, plasma sodium, plasma bicarbonate and plasma 
chloride (in milliequivalents per litre) showing effect of anaesthesia with halothane-ether mixture 









































TABLE V 


(20 patients, ages 50-81). 
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Data from serial determinations of tota! base, plasma sodium, plasma bicarbonate and plasma 
chloride (in milliequivalents per litre) showing effect of anaesthesia with halothane-ether mixture 
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Anaesthetic chart showing effect of anaesthesi 
in table II). Observe brief period of hypoten 


a with halothane-ether mixture (same patient as 
sion immediately after induction of anaesthesia 


with thiopentone and gallamine, followed by spontaneous restoration while adding 0.5 per 


cent halothane-ether mixture to the anaesthet 


ic system for maintenance. A second sharp fall 


in blood pressure accompanied by slowing of the pulse rate coincided with traction on a 
deeply lying gall bladder. The pulse rate and blood pressure rose promptly again after the 
intravenous administration of atropine, and then remained steady until the end of anaesthesia 


and during the period o 


with halothane during upper abdominal opera- 
tions. Salivary secretions were minimal with both 
the mixture and with halothane. Emergence from 
anaesthesia was somewhat slower with the mix- 
ture than with halothane alone, but the incidence 
of vomiting did not increase with halothane-ether, 
as would be expected with ether alone. 

In table VIII some physical and physiological 
characteristics of ether, halothane and halothane- 
ether mixture are summarized (Adriani,; 1952; 
Raventos, 1956; Johnstone, 1956; Dobkin, 
1958c, d; Hudon and Jacques, 1958). 





f postanaesthetic recovery. 


DISCUSSION 


Clinically, the addition of a small amount of ether 
to an anaesthetic maintained primarily with cyclo- 
propane produces smoother anaesthesia. The 
reasons for this are: fewer cardiac arrhythmias, 
less depression of breathing and greater muscle 
relaxation (Stutzman, Allen and Meek, 1942; 
Milowski and Rovenstine, 1943). 


Azeotropic Mixtures. 
Adding liquid ether to an anaesthetic agent 
which is also an anaesthetic liquid at room 
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From experiments showing the effect of adrenaline on the heart during anaesthesia with 

halothane-ether mixture. 9.5 kg. male dog. No premedication. Anaesthesia was induced at 

10.26 a.m.; 175 mg thiopentone and 20 mg suxamethonium intravenously. 5 per cent dextrose / 

water drip through same vein. 

10.29 a.m. Orotracheal intubation and artificial respiration with automatic respirator. Pressure 

set at + 12 mm Hg. Volume set at 150 ml. 30/min. Oxygen 2.5 |./min. Nitrous oxide 5 1./min 

delivered through Fink valve (nonbreathing system). 

(A) Control e.c.g. Normal sinus rhythm. Rate 120/min. 10.33 a.m. 1 per cent halothane- 
ether mixture added to anaesthetic system. 

(B) 10.53 a.m. E.c.g. after 20 minutes on | per cent halothane-ether mixture. Slight sinus 
arrhythmia, Rate 100/minute. 

(C) 10.45 a.m. 12 seconds after completing injection of 0.02 mg/kg (0.190 mg adrenaline i.v, at 
the rate of 0.02 mg/sec. Note the onset of paroxysmal supraventricular tachycardia and 
multifocal ventricular extrasystoles. 

(D) 48 seconds after injection. Paroxysmal nodal tachycardia. Rate 260/min. 

(E) 10.57 a.m. 112 seconds after injection. Paroxysmal nodal tachycardia, rate 210/min 

> sinus standstill > nodal escape. Regular nodal rhythm for next 108 seconds, then p 
waves reappeared. 

(F) 10.58 a.m. E.c.g. 5 minutes after injection of adrenaline. Normal sinus rhythm. Rate 

120/minute. This dog survived the experiment. 
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TABLE VI 
charts showing effect of anaesthesia with halothane-ether mixture on 
circulatory dynamics (22 patients, ages 27-48). 
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TABLE VII 


Data from anaesthetic charts showing effect of anaesthesia with halothane-ether mixture 
on circulatory dynamics (24 patients, ages 50-81). 
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Binary liquid-vapour equilibrium graph for acetalde- 

hyde and ethanol showing that the binary solution 

exists in equilibrium with a vapour of different 
composition. 


temperature presents a problem which is related 
to binary liquid—vapour equilibria. Liquids 
which are miscible in all proportions (completely 
soluble in one another) respond to changes in 
temperature in three ways (Glasstone, 1940). 
Most commonly, the binary liquid exists in 
equilibrium with a binary vapour of different 
composition, as indicated by the liquid L in equi- 
librium with vapour V. This is the basis of puri- 
fication by fractional distillation, in which the 
temperature gradually decreases up a distillation 
column. For example (fig. 6), if the binary liquid 
mixture of acetaldehyde and ethanol L is boiled, 
the binary vapour V is relatively rich in acetalde- 
hyde. As the vapour cools in passing up the 
column, it partially condenses to form a binary 
liquid L' and a binary vapour V', richer in 
acetaldehyde than is V. As the vapour continues 
up the column, it becomes continuously richer in 
acetaldehyde and eventually pure acetaldehyde is 
distilled off at the top. Meanwhile, the residual 
liquid must become richer in ethanol. If perfect 
equilibrium could be attained, all the way up the 
column, it would be possible to separate acetalde- 
hyde and ethanol. In practice the difficulty is to 
design a column which will effect proper mixing 
of liquid and vapour. ; 
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If mixtures of liquid anaesthetics behaved like 
ethanol and acetaldehyde, they would be unsuit- 
able for use as an anaesthetic, because changes in 
the vapour concentrations of the two components 
would occur during their administration. Less 
commonly, some liquid pairs exhibit a minimum 
boiling point or a maximum boiling point, at 
which temperature the liquid and vapour in 
equilibrium have the same composition. This 
composition is called the azeotropic mixture, 
Carbon tetrachloride and ethanol have a mini- 
mum boiling point, while diethyl ether and halo- 
thane have a maximum boiling point (fig. 7), 
Such a mixture behaves physically like a pure 
compound. The rate of vaporization of an azeo- 
tropic mixture, like all liquids, is proportional to 
temperature changes. It is fortunate that halo 
thane and ether form an azeotropic mixture 





whose boiling point is not greatly different from 
that of halothane, so that vaporization is easily 
accomplished in an anaesthetic circuit suitable for 
halothane, and this mixture can be administered 
with precision through the Fluotec vaporizer. 


Acid-Base Balance. 

These studies again confirm the opinion tha 
when artificial pulmonary ventilation is provided 
according to the previously determined require- 
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Fic. 7 
Binary liquid-vapour equilibrium graph for dieth) 
ether and halothane, showing azeotropic mixtuf 
with boiling point at 51.5°C. At this temperature i 
liquid and vapour in equilibrium have the same cof 
position. 
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ments of each individual patient, acid-base 
balance is not disturbed by any anaesthetic agent 
(Dobkin, 1958b, c). 


Electrolyte Balance. 

Although the effects of ether on “alkali re- 
serve”, total base and serum electrolytes were 
studied very searchingly between 1917 and 1950 
(Henderson and Haggard, 1918; Van Slyke, 
Austin and Cullen, 1922; Stehie and Bourne, 
1924; Bourne and Stehle, 1924; Andrews, Peter- 
son and Klein, 1930; Dallemagne, 1936; Root, 
McAllister, Oster and Solarez, 1940; Beecher, 
Francis and Anfinsen, 1950), there was no agree- 
ment as to the exact metabolic disturbances. It 
was generally concluded that deep ether anaes- 
thesia produces a metabolic acidosis which is 
aggravated by a _ superimposed respiratory 
acidosis. The metabolic acidosis is due to a shift 
of fixed acid into the blood or of base out of the 
blood. Electrolytes (chloride, lactate phosphate 
and ketone bodies) most probably shift into the 
blood. By combining ether with halothane, how- 
ever, this effect of ether is not observed, although 
there is a slight but definite trend toward reduc- 
tion in total base, sodium, chloride and bicar- 
bonate. This reduction in electrolyte content of 
the plasma may be attributed to a shift of water 
from the red cells into the plasma (as explained 
by the Donnan theory), which was produced by 
the slight to moderate hyperventilation during the 
anaesthetic (Rapoport et al., 1946). Such minor 
alterations probably have no clinical importance. 

Since the characteristic action of halothane, 
like chloroform, is depression of the circulation 
and respiration, and because the addition of ether 
to halothane counteracts these effects without 
causing any evident metabolic disturbance, it ap- 
pears that this mixture warrants extensive trial. 
It should be remembered, however, that it is 
essential to control the vapour concentration and 
to provide artificial support to pulmonary ventila- 
tion with this mixture, as with halothane, if diffi- 
culties are to be avoided. It is wise also to avoid 
the use of adrenaline during anaesthesia with the 
halothane-ether mixture. 


SUMMARY 


The azeotropic mixture of halothane and ether 
was administered from a Fluotec vaporizer with 





BRITISH JOURNAL OF ANAESTHESIA 


nitrous oxide and oxygen in a nonrebreathing 
system to fifty patients undergoing major opera- 
tions. Artificial respiration was provided with an 
automatic ventilator with fixed volume control 
and variable regulated pressures, set to the pre- 
determined respiratory requirements of each 
patient. Data derived from blood samples showed 
that there was no disturbance of acid base 
balance, electrolyte balance, blood sugar or blood 
urea nitrogen. Circulatory dynamics and cardiac 
arrhythmias did not present the same problems 
as with halothane anaesthesia, although dogs 
showed serious cardiac irregularities if adrenaline 
was administered during anaesthesia with the 
mixture. A smooth and stable level of anaesthesia 
was easy to maintain using only very small 
amounts of muscle relaxants. This mixture, there- 
fore, warrants extensive clinical trial as an 
alternative to halothane. 
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The halothane used in this study was supplied by Dr. 
Leighton Smith of Ayerst, McKenna and Harrison 
Ltd., Montreal, Canada. The mixture with ether was 
prepared in the Pharmacy of University Hospital, 
Saskatoon. 
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SOME ELECTROCARDIOGRAPHIC STUDIES DURING HYPOTENSIVE 
ANAESTHESIA 


BY 


W. N. ROLLASON AND J. M. HouGH 
Royal Infirmary, Hull, England 


INTRODUCTION 


THE development of the use of induced hypoten- 
sion in anaesthesia has led to a discussion of the 
possibility of myocardial ischaemia and cardiac 
arrest occurring during the low pressure phase. 
The electrocardiogram offers one method of 
attempting to answer this question. 

Many investigators have reported their results 
for differing hypotensive techniques but no con- 
clusive evidence appears to have been presented. 
One group of workers (e.g. Enderby, 1951; Lynn 
et al., 1952; James et al., 1953; Mandow et al., 
1954; Stirling, 1955; Stephen et al., 1956) have 
reported that there are no significant changes 
in the electrocardiogram during hypotension. 
Other workers (e.g. Camerini et al., 1952; 
Wyman, 1953; Wenger et al., 1953; Davison, 
1953; Longtin et al., 1954; Haid, 1954; Van 
Bergen et al., 1954; Mazzia et al., 1956; and 
Rollason and Cumming, 1956) have described 
alterations in the electrocardiographic pattern 
during hypotension, mostly in the ST segment 
and T wave. 

The present investigation has made use of 
simultaneous e.c.g. records of the standard leads 
and also records of two or three of the precordial 
leads. In this respect the pattern of the e.c.g. 
changes has been studied in more detail than in 
most previous investigations, some of which have 
employed only one standard lead. A great diffi- 
culty in discussing e.c.g. changes is the question 
of how large the change must be to be considered 
significant. 

Most of the published work is very vague as 
to the criteria the author has used in reporting a 
change to have occurred. In the present investiga- 
tion very definite criteria of significance have been 
adopted to eliminate minor fluctuations in the 
e.c.g. pattern. 
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MATERIAL AND METHODS 


Of the 52 unselected cases investigated, 26 were 
males and 26 were females. Their ages ranged 
from 19 to 71 years (average 45.8 years) and their 
weights from 35 kg to 91 kg (average 63.0 kg) 
Fourteen patients were hypertensive, i.e. they had 
a pre-operative blood pressure of more than 
160/100 mm Hg (table I). 

The urine and haemoglobin concentration wer 
normal in all cases. The blood urea was also nor 
mal in all except one (case no. 29) whose blood 
urea was 44 mg per cent. This patient had 
malignant hypertension. All had normal teleradio- 
grams except two, one (case no. 29) showed gros 
and the other (case no. 47) showing moderate 
cardiomegaly. 

In all patients anaesthesia was induced with 
2.5 per cent thiopentone, all received 1 per cent 
pethidine intravenously after induction, all re 
ceived a relaxant drug, and all were intubated 
with the largest cuffed orotracheal tube tha 
would pass without trauma. 

Forty-one patients were maintained with 
nitrous oxide and oxygen only, using the semi- 
closed circle absorption technique; the nitrow 
oxide and oxygen flowmeters were set at 3.5 and 
1.5 litres respectively except in those cases under- 
going thoracotomy, when during the period : 
lung was collapsed the oxygen concentration wa 
raised to 50 per cent. 

Eleven cases were maintained with nitrow 
oxide-oxygen and a trace of trichloroethyle 
(under 1 per cent) using a Boyle’s machine with 
a total gas flow of 9 litres, 6 of nitrous oxide and 
3 of oxygen. 

Twenty-two patients were maintained i 
apnoea by the use of hyperventilation. 

An intravenous drip was set up in every cas 
so that immediate access to a blood vessel wa 
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assured. Blood loss was estimated clinically (Rol- 
lason, 1953) and gravimetrically, using a Salter 
No. 30D Dietary Scale, as the operation pro- 
ceeded. In the immediate postoperative period 
this minimal blood loss was cross-checked by a 
laboratory method (Rollason, 1953). A reasonably 
constant blood volume was thus maintained 
throughout the period of hypotension. 

Three combinations of hypotensive drugs were 
employed. In 15 cases hexamethonium iodide 
(Hexathide—C6) only was used; in 15 cases 
trimetaphan (Arfonad) only was used, and in 22 
cases chlorpromazine (Largactil) and trimetaphan 
were employed. In 8 cases procaine amide (Pron- 
estyl) was used in addition (table I). 

The types of operation, the positions of the 
patients, the pulse rates, blood pressures and the 
durations of the period of low pressure are re- 
corded in table I. The duration of the low pres- 
sure was calculated either as the time when the 
systolic pressure was 80 mm Hg or below, or as 
the time when the systolic pressure was below 
two-thirds of the pre-operative blood pressure. 

The Riva Rocci method using the standard 
5-inch cuff of Von Recklinghausen was employed 
for recording the blood pressure. All the patients’ 
arms were of average size. The lower edge of the 
cuff was placed 1 inch above the bend of the 
elbow and the middle of the rubber bag lay over 
the brachial artery. To avoid the difficulty of 
recording a hypotensive blood pressure when the 
cuff is compressed accidentally by a member of 
the surgical team a special guard (Rollason, 1957) 
was used. When compared with measurement by 
arterial puncture the systolic blood pressure esti- 
mated in the conscious subject by sphygmo- 
manometry averages 8 mm Hg low and the dias- 
tolic 8 mm high (Wood, 1956). Woodhall and his 
associates (1953), however, during induced hypo- 
tension with ganglionic blocking drugs, demons- 
trated that the arm cuff method showed an aver- 
age fall of 34.6 per cent in blood pressure whereas 
simultaneous strain gauge recordings indicated an 
actual fall of 52.9 per cent in radial arterial pres- 
sure. Wyman (1958), nevertheless, found the 
brachial cuff pressure varied directly with the 
intra-arterial pressure in the aorta, femoral and 
renal arteries during hypotensive anaesthesia. 

An Elmquist Triplex machine was used to 
record the e.c.g. tracings. In addition to the three 
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standard leads, chest leads V1, V3 and V5 were 
employed, but to permit adequate surgical access 
lead V5 had to be omitted in five of the six thora- 
cotomies in the series. Changes in the various 
components of the e.c.g. in all leads were studied. 
These included changes in the P wave, PQ, QRS 
and QT intervals, QRS voltage, axis rotation and 
ST segment and T wave changes. 

The patient’s blood pressure, pulse rate and 
e.c.g. were taken at intervals (approximately 10 
minutes) from his arrival in the theatre to his 
departure to the ward. Records were also taken 
when any surgical procedure such as deliberate 
traction on the vagus, or any anaesthetic pro- 
cedure such as intubation was performed. A final 
e.c.g. was taken some weeks postoperatively. 


RESULTS 


On the average 15 sets of e.c.g. data had to be 
examined for each case, most of which were dur- 
ing the low pressure period. In figures 1 and 2 
complete data are illustrated for two cases (nos. 
13 and 29 respectively); even in these figures 
those components which did not show any signi- 
ficant change have been eliminated. It is neither 
necessary nor possible to present such detail for 
all the 52 cases. However, similar detailed studies 
were performed, and all e.c.g. changes which did 
not appear to correlate with the hypotension were 
eliminated. Those changes remaining were re- 
duced to the maximum change during the low 
pressure period and this is recorded in the follow- 
ing tables if the change passed the significance 
level. 

As in previous papers (Rollason and Hough, 
1957, 1958) a change of 1 mm in the standard 
leads and 2 mm in the precordial leads has been 
regarded as significant, so that any change smaller 
than this has not been reported. This choice of 
significance level has eliminated many small 
changes, and those which pass this test are likely 
to be indicative of some genuine change in the 
electrical behaviour of the heart. 

In the case of the QRS vector the significance 
level is slightly higher at 3 mm, because it is based 
on four measurements of the e.c.g.; rotation of 
the QRS electric axis is regarded as significant if 
it exceeds 5 degrees. 

Changes in the PQ, QRS and QT, intervals 
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have only been regarded as significant if they 
exceed 0.04 seconds. 

Table II and III present the P wave changes; 
table IV presents the QRS vector and axis changes 


TABLE Il 
Nodal rhythm 








Change in 
pulse rate 
Case at onset of 
no. nodal rhythm Remarks 
6 0 Onset on cessation of trimetaphan. 
Transient duration. 
10 5 Onset at lowest pressure. 
Transient duration. 
17 15 Onset on induction of low pressure 
with trimetaphan. 
Transient duration. 

*21 10 Onset on cessation of trimetaphan 
and associated with flexing of 
neck. 

Transient duration. 

43 - 30 Onset on induction of low pressure 
with trimetaphan. 
Transient duration. 

*5] 20 Onset on induction of low pressure 


with hexamethonium iodide and 
associated with inflation of 
endotracheal cuff. Persisted to 
the end of operation. 





. Patients with hypertension. 
Only cases 10, 17, 43 and 51 showed a marked correlation 
with the fall in blood pressure. 
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(for details of calculation see Rollason and Hough, 
1957). ST segment and T wave changes are illus. 
trated in tables V and VI, and changes in the 
PQ, QRS and QT, intervals in table VII. The QT 
interval varies with age, sex and cardiac rate, 
When the rate is rapid the interval is short and 
vice versa. The upper limits of normal for the 
duration of the QT interval at cardiac rates of 70 
or greater is 0.42 second for women and 0.4] 
second for men and children. QT, is the QT 
interval corrected for pulse rate and was calcu- 
lated with the aid of a slide rule from the actual 
QT and the cycle length using the formula QT, = 
QT Vc where c = cycle length in seconds and 
corresponds to the R-R interval. 


DISCUSSION 


Variations in the P wave, QRS axis and vector, 
ST segment and T wave and PQ, QRS and QT, 
intervals have been studied. In order to study 
overall trends the cases were arranged in three 
categories viz. major changes, minor changes, and 
no changes. Twenty-four cases showed significant 
changes in one or more of P, ST and T and these 
have been classified as major changes. A further 
18 cases showed significant changes in the other 
components but, as these were felt to be less 
significant, they were classified as minor changes. 
Ten cases showed no significant change in any 








Taste III 
P wave changes other than nodal rhythm in mm 
Case Change in 
no. lead II Lead III pulse rate Remarks 
1 1.5 0 Onset during initial fall in blood 
pressure. 
Recovered after 5 minutes. 

22 1.5 - 1.75t + 20 Occurred during low pressure 
phase after transient respiratory 
obstruction. 

*29 3.0 1.757 0 Persisted for 2 hours throughout 
the period of low pressure. 

*36 1.0 0 Onset during initial fall in pressure 
which persisted. 

42 1.0+ - 10 Onset during initial fall in pressure 


which persisted. 





* = Hypertensive patients. ; 
+ = Change of sign, i.e. P wave became inverted. 


Significance level: 1 mm in standard leads and 2 mm in precordial leads. 

No significant changes occurred in lead I or the precordial leads. 

All the changes were decreases in the height of the P wave, but only cases nos. 29, 36 and 42 showed 
a marked correlation with the fali in blood pressure. 


Case no. 29 is illustrated in figures 2 and 4. 
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TABLE IV 
Changes in ORS 





Case no. Electric axis (degrees) Electric vector (mm) 





2 — 3 
4 + 10 3 
8 8 — 
13 11 3 
16 + i2 — 
17 + 27 — 
*18 15 — 
19 25 — 
20 12 — 
22 18 3 
24 - 28 _ 
25 - 64 10 
27 + 47 

28 _— 4 
*2 + 14 as 
31 + 25 — 
32 + 17 — 
#33 + 45 4 
35 + 23 — 
*36 + 27 4 
39 + 53 -3 
41 + 12 = 
43 + 10 +4 
*46 + 22 — 
47 +t 8 3 
50 15 _— 





* = Hypertensive patients. 

Significance level for electric axis = 5°. 

Significance level for electric vector = 3.0 mm (0.3 mv). 

Case nos. 13, 29, 35 and 36 are illustrated in figures 3, 4, 
5 and 6 respectively. 

Case no. 13 is also illustrated in figure 1 and case no. 29 
in figure 2. 


e.c.g. component. The e.c.g. effects of acute blood 
loss (Katz, 1946) were eliminated in this series 
by the maintenance of a reasonably constant 
blood volume. 

A change in pulse rate at the onset of the low 
pressure period appears likely to be an indication 
of circulatory changes. It was decided to regard 
an alteration in pulse rate of 35 beats per minute 
as the minimum likely to be associated with 
serious circulatory change. Nine cases showed an 
increase and three cases a decrease of this magni- 
tude. 

Owing to the serious difficulty involved in 
measuring diastolic blood pressure accurately dur- 
ing hypotension, only the systolic pressure has 
been considered. In order to try and evaluate the 
significance of the hypotension, two different 
measures have been used; firstly the systolic blood 
pressure during the low pressure phase and 
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secondly the ratio of the hypotensive systolic pres- 
sure to the pre-operative systolic pressure. This 
latter is referred to here as the pressure ratio and 
it was not felt necessary to tabulate this specifi- 
cally as it is easily obtainable from table I. 


Sex. 

The 52 cases were evenly divided between the 
sexes without bias as to hypotensive drugs, but 
it appears that the males were more prone to e.c.g. 
changes. Seventeen out of 24 cases showing major 
changes were male; in particular, of the 13 cases 
showing T wave changes (not associated with ST 
changes) 11 were male. 

The QT, interval showed changes in 11 males 
and 5 females; on the other hand the QRS vector 
and axis showed changes in 17 females compared 
with 9 males, and all 3 cases showing a negative 
axis rotation were female. 

Six out of 9 cases showing an increase in pulse 
rate were male. 

The level of the hypotensive blood pressure 
does not appear to be related to sex. 


Age. 

The age range was 19-71 years, with an aver- 
age value of 45.8 years. Certain changes seem to 
occur more frequently in the older age group, 
e.g. average age for cases showing P wave changes 
60.4 years, and for cases showing decrease in 
pulse rate 51.3 years; whereas other changes ap- 
pear to occur in the younger age group, e.g. aver- 
age age for cases showing ST and T changes 35.8 
years, cases showing changes in the T wave only 
41.9 years, and cases showing increase in pulse 
rate 36.8 years. 

The hypotensive pressure is also strongly re- 
lated to age in general, the hypotensive systolic 
pressure tending to be high for the younger age 
groups. This is more fully discussed under blood 
pressure changes. 


Weight. 

There appears to be no relation between weight 
and either e.c.g. changes or the minimum systolic 
pressure reached. 


Operation. 
The 52 patients were divided into 18 having 
otolaryngological operations, 6 thyroidectomies, 





TABLE V 
ST segment and T wave changes 
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E.c.g. leads showing changes in ST in mm. E.c.g. leads showing changes in T in mm. 
Case |—— — — 
no. I II Ill V1 V3 V5 I II Ill V1 v3 V5 
13 1.0 3.0 0 0 3.0 2.0 — 1.0 0 0 0 — 2.0 0 
*21 0 0 0 0 2.0 0 0 2.0 0 0 0 0 
22 0 0 0 0 + 2.0 0 0 0 0 0 — 5.0 0 
28 0 1.5 0 2.0 0 0 0 3.0 0 -20 —2.0 0 
*29 0 0 0 0 + 3.5 + 3.0 + 1.0t + 1.0 0 0 0 + 7.0 
35 0 1.5 1.0 0 0 0 0 0 0 0 — 2.5 0 
Hypertensive patients. : Elevation. 
+ = Change of sign. — = Depression. 
0 = No change or below significance level 
of 1 mm in standard leads and 2 mm 
in chest leads. 
In cases Nos. 7, 14, 19, 25, 27, 33, 40, 46 and 47 changes in either ST and T or T alone occurred 
during the period of low pressure, but all the evidence suggested that these changes were not related 
to the low pressure but to other factors such as the operative procedure and posture. 
Case nos. 13 and 29 are illustrated in figures 1 and 3 and 2 and 4 respectively. 
Case no. 35 is illustrated in figure 5. 
TaBLe VI 
T wave changes onl) 
E.c.g. leads Changes in mm 
Case no. I II Il Vi v3 V5 
4 0 1.0 0 0 0 0 
12 0 - 1.0 — 1.0 0 0 0 
15 1.0 0 0 0 0 0 
*18 1.0 —~ 1.0 0 2.0 — 3.0 0 
23 0 0 0 0 0 — 3.0 
*36 0 — 1.5 0 0 — 3.0 0 
38 0 0 0 0 + 3.5 0 
39 2.0 - 2.0 0 0 0 0 
41 0 - 1.0 0 — 3.0 — 6.0 0 
43 0 0 0 + 3.0 0 0 
44 1.0 0 0 0 0 — 2.0 
*45 0 + 2.5 + 2.0 0 0 0 
*51 0 0 0 0 — 3.0 0 
. Hypertensive patients. 0 = No change or below significance level of 
== Elevation. 1 mm in standard leads and 2 mm in 
- = Depression. chest leads. 


Case no. 36 is illustrated in figure 6. 

In most cases the ST and T changes did not return to their original values until the blood pressure 
had started to rise, but in case no. 22 there was some recovery of the ST segment and T wave changes 
while the pressure was still low. Similar findings have been reported by Wenger et al. (1953) and 
Mazzia et al. (1956). 

In case no. 35 there was a short period of excessively low pressure (B.P.45/30); the major ST and T 
changes occurred at the onset of this phase and the ST changes recovered immediately the systolic 
pressure rose to 80 mm Hg and the T wave change recovered shortly afterwards (fig. 5). 

In case no. 13 a similar effect was noted but it was not so sharply defined. In this case partial 
recovery of ST2, ST.V3, ST.V5 and TV3 occurred when the extreme low pressure (B.P.40/25) rose 
to 70/45 after administering méthylamphetamine 5.0 mg intravenously (fig. 3). 
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TABLE VII 
Changes in PQ, QRS and QT, intervals in seconds 
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Intervals 

Case no. PQ QRS QT. 
1 — — — 0.06 
2 — — — 0.06 
9 — — — 0.04 
12 — — + 0.07 
15 —- 0.04 + 0.06 

16 — 0.06 — — 
*18 = — — 0.05 
*26 os — + 0.05 
28 -— — + 0.17 
30 — — 0.10 
31 — -- - 0.05 
35 — — + 0.06 
38 — — + 0.10 
40 — — — 0.10 
43 — — — 0.12 
44 — — + 0.08 
*45 — — — 0.06 





* — Hypertensive patients. 
+ = Prolongation of the interval. 
— = Shortening of the interval. 

Case no. 35 is illustrated in figure 5. 

The shortening of the PQ interval in case no. 16 and the 
prolongation of the QRS interval in case no. 15 occurred 
during the pressure fall but were transient, having 
disappeared before the pressure had reached its minimum 
which in case no. 16 was 55/40 and in case no. 15 was 
55/45 mm Hg. 


6 thoraco-abdominal, 18 abdominal, 2 genito- 
urinary, and 2 abdomino-perineal procedures. 

The position during the low pressure phase is 
obviously related to the nature of the operation 
(see table I) and it is not proposed to discuss 
position separately. 

There appears to be very little relation between 
the type of operation and either the e.c.g. changes 
or the hypotensive systolic pressure. Simondson 
(1952) found no relation between e.c.g. changes 
and position, but Newton (1949) and Goldberger 
(1953) found significant changes. 


Anaesthetic Agents. 

Eleven cases had trichloroethylene in addition 
to nitrous oxide and oxygen (table I), but there 
appears to be no e.c.g. change which can be speci- 
fically associated with this agent. The 2 cases 
showing significant changes in the PQ and QRS 
intervals both had trichloroethylene. The remain- 
ing 41 cases received nitrous oxide and oxygen 
alone, but no e.c.g. changes could be ascribed to 
these agents. Adequate oxygenation was ensured. 
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Hyperventilation. 
This occurred in 22 cases (table I) but does not 
seem to have any significance in this study. 


Hypotensive Drugs. 

Fifteen patients (8 males and 7 females) had 
hexamethonium with an average dose of 1.43 
mm/kg. 

Fifteen patients (8 males and 7 females) had 
trimetaphan alone with an average dose of 3.36 
mg/kg. 

Twenty-two patients (10 males and 12 females) 
had chlorpromazine and trimetaphan with an 
average dose of 0.89 mg/kg of chlorpromazine 
and 3.45 mg/kg of trimetaphan. 

The average age of those having trimetaphan 
alone was 51.3 years whereas for hexamethonium 
it was 43.7, and 43.5 for chlorpromazine and 
trimetaphan. 

Of the 5 patients showing P wave changes 4 
had chlorpromazine and trimetaphan and 1 hexa- 
methonium, and of the 6 patients showing nodal 
rhythm 4 had chlorpromazine and trimetaphan, 
1 trimetaphan, and 1 hexamethonium. Swerdlow 
and Wade (1953), however, found 14 out of 40 
cases having hexamethonium showed transient 
nodal rhythm. 

The only case showing a significant PQ interval 
change and, similarly, the only case showing a 
QRS interval change had chlorpromazine and 
trimetaphan. Swerdlow and Wade (1953), how- 
ever, found frequent changes in the PQ interval 
after hexamethonium. 

Changes in the QT. interval tended to be pro- 
longations with hexamethonium, and shortenings 
with trimetaphan and with chlorpromazine and 
trimetaphan. The results with hexamethonium 
appear to agree with those of Longtin et al. 
(1954), but they used the ST rather than the 
QT interval. 

The other e.c.g. components do not seem to 
show any marked relation to the drug given. 
Hudon and Jacques (1953) noted no changes in 
the e.c.g. other than sinus tachycardia when chlor- 
promazine was employed, and Sadove et al. 
(1953) found no e.c.g. changes with trimetaphan 
in conscious unpremedicated man. 

Wyman (1953) found that in all but 2 of 30 
cases there was a flattening or lowering of the 
T wave after pentamethonium or hexamethonium, 
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and Wenger et al. (1953) found a flattening of 
the T wave in 18 out of 20 cases who had re- 
ceived either hexamethonium or pendiomide. 
Haid (1954) also reported flattening of the T wave 
after hexamethonium or pendiomide in 8 out of 
9 patients who had diseased hearts. 

Mazzia et al. (1956) reported transient ST and 
T wave changes in most of 98 cases during the 
administration of trimetaphan. 

Considering the broad division into major, 
minor, and no changes, the doses of hexa- 
methonium and trimetaphan were not related to 
the e.c.g. changes, but for chlorpromazine and 
trimetaphan the average dose of trimetaphan was 
twice as great for major changes as for minor and 
no changes. 

Of the 9 cases showing an increase in pulse 
rate, 7 had hexamethonium, and two chlorproma- 
zine and trimetaphan. 

Of the 3 cases showing a decrease in pulse rate, 
one had trimetaphan and two chlorpromazine and 
trimetaphan. 

In all those cases the trimetaphan dose was con- 
siderably below the average. 

The relation between hypotensive systolic pres- 
sure and drugs will be discussed later, but the 
drug dose increases with increasing minimum 
systolic pressure. 

Procaine amide (Pronestyl) was given in 8 cases 
(6 males and 2 females) with an average age of 
36.1 years and the average dose was 10.21 mg/kg. 
Five cases had hexamethonium, 1 trimetaphan 
and 2 chlorpromazine and trimetaphan. 

This drug does not appear to show any marked 
effect on the e.c.g. pattern in this series of cases. 

In only 4 cases did procaine amide play a major 
part in producing the reduction in blood pressure. 
It was given only where the blood pressure did 
not respond to the main hypotensive agent, and 
this accounts for the facts that the average age is 
low and also that in 7 out of the 8 cases the lowest 
systolic pressure was 60 mm Hg or above. 


Hypertensive Cases. 

In this series the following definition of hyper- 
tension has been adopted: a systolic blood pres- 
sure over 160 mm Hg and/or a diastolic pressure 
over 100 mm Hg (Wright, 1952); 14 cases (3 male 
and 11 female) satisfied this criterion with an age 
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range of 41-68 years (average 56.9) and a weight 
range of 54-85 kg (average 67.1). 

The cases were distributed fairly evenly over 
all three combinations of hypotensive drugs and 
the average doses of the hypotensive agents were 
not very different from those for the whole serie; 
(table I). 

Ten of the 14 cases showed major changes and 
2 minor changes in the e.c.g. pattern. This means 
that major changes in the e.c.g. pattern were more 
prevalent than for the series as a whole. The e.c.g 
changes include 2 instances of P wave change, 
and 2 of nodal rhythm (tables II and III). Two 
showed ST segment and T wave changes, and 4 
cases showed T wave changes only (tables V and 
VI). 

Axis rotation occurred in 5 cases of this group 
and were all positive, with an average value of 
24.6° compared with 14.2° for all cases showing 
changes. Two cases showed an increase in the 
electric vector each of 4.0 mm (table IV). 

The ST changes were elevations in lead V3 in 
both cases and in one in V5 as well. Similar eleva 
tions in previously depressed ST segments in 
hypertensive subjects have been reported by Grob 
et al. (1953). 

Changes in the QT. interval occurred in 3 case 
(table VII); 2 were shortenings (average 0.055 
second) and 1 was a prolongation (0.05 second) 

Two hypertensive patients showed a significant 
decrease in pulse rate, whereas none showed : 
significant increase. Only 3 cases showing a signi- 
ficant decrease in pulse rate were found in the 
whole series (table VIIIA). 

The hypotensive blood pressure had an average 
value of 65 mm Hg systolic and 49 mm Hg dias 
tolic. 

The systolic pressure tended to be higher for 
these cases than for the series as a whole but not 
very much so. 


Pulse Rate Changes. 


Nine cases (6 males and 3 females) with a 
average age of 36.8 years showed a significant it- 





crease in pulse rate whereas 3 cases (1 male and 
2 female) with an average age of 51.3 years 
showed a significant decrease in pulse rate (tables 
VIII and VIIA). 

Two out of 3 cases showing a decrease were in 
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TABLE VIII 
Increase in pulse rate when blood pressure falls 
E.c.g. changes 
Lowest 
Case B.P. in Increase Axis Vector QT- 
no. Sex Age mm Hg Drug in P.R. P (degrees) (mm) ST T (sec) 
4 M 19 80/60 Hexamethonium ~40 — +10 —3.0 — - _- 
8 F 54 80/60 Hexamethonium +50 — + 8 — — _- — 
12 M 30 70/50 Hexamethonium +65 — — a — ao +0.07 
*15 M 46 55/45 Chlorpromazine -+40 -- — — — +0.06 
(Trimetaphan) 
17 F 31 75/55 Chlorpromazine +50 N.R. +27 — — os — 
(Trimetaphan) 
28 M 21 60/45 Hexamethonium +70 — —4.0 - +0.17 
35 F 38 45/30 Hexamethonium +50 +23 — ~ + +0.06 
38 M 45 50/35 Hexamethonium +55 _ — — = + 0.10 
44 M 47 50/35 Hexamethonium + 50 — — — r 0.08 
*Case showing prolongation of QRS interval. 
Case no. 35 is illustrated in figure 5. 
TABLE VIIIA 
Decrease in pulse rate when blood pressure falls 
E.c.g. changes 
Lowest 
Case B.P. in Increase Axis Vector QT. 
no. Sex Age mmHg Drug in P.R. P (degrees) (mm) ST = (sec) 
19 F 34 75/55 Chlorpromazine —40 a +25 — a — a 
(Trimetaphan) 
*36 F 58 60/50 Chlorpromazine —35 — +27 +4.0 — a — 
(Trimetaphan) 
*45 M 62 40/30 Trimetaphan 40 a - — — + —0.15 





*Hypertensive patients. 


Case no. 36 is illustrated in figure 6. 
For details of ST segment and T wave changes see tables V and VI. 


hypertensive patients whereas no such patient 
showed an increase. 

Eight out of 9 cases showing a pulse rate in- 
crease had major changes in the e.c.g., the re- 
maining case having a minor change only. 

Two of the 3 cases showing a decrease in pulse 
rate had a major change in the e.c.g., but no con- 
clusions can be drawn from this small number. 

As such a large proportion of the cases showing 
an increase in pulse rate have major changes in 
the e.c.g. it appears fruitful to investigate these 
cases in some detail. Seven of the cases had re- 
ceived hexamethonium with an average dose of 
1.61 mg/kg compared with 1.43 mg/kg for all 
cases. The other 2 cases had received chlor- 
promazine and trimetaphan. Swerdlow and Wade 
(1953) found 14 increases and 10 decreases out 
of 40 cases having hexamethonium. Longtin et al. 
(1954) and Camerini et al. (1952) also report 

c 


increases in pulse rate after hexamethonium, but 
Kilduff (1954) reported that trimetaphan did not 
produce significant changes. 

An increase in pulse rate is often associated 
with an increase in the height of the P wave but 
none of these cases showed such a change. 
Neither were there any decreases in the height of 
the P wave, but 1 case showed nodal rhythm. 

Four cases showed a positive axis rotation and 
2 cases a decrease in the magnitude of the QRS 
vector. 

Two cases showed depression of the ST seg- 
ment but Wells (1953) has pointed out that 
depression of the ST segment of the order of 
1 mm can result from tachycardia alone. 

Seven cases showed T wave changes and 5 of 
these were significant in the standard leads; all 
these showed decrease in the height of the T 
wave. Changes in T wave were more frequent in 
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this group, where 7 of 9 cases showed changes, 
whereas in the whole series 19 out of 52 cases 
showed T wave changes. 

Six cases had a prolongation of QT, whereas 
no case had a shortening of QT.. One of the 6 
cases showing an increase in QT, had trimetaphan 
and chlorpromazine and was the only case in the 
series having these drugs to show a prolongation 
of QT.. Prolongation of the QT interval has been 
reported in myocardial ischaemia (Burch and 
Winsor, 1949). 

Inglis (1952) showed that when spontaneous 
hypotension occurred during anaesthesia, the 
cases could be divided into three groups: those 
with an increase, those with a decrease, and those 
with no change in pulse rate. The blood pressure 
was directly related to the product of the cardiac 
output and the peripheral resistance; if the hypo- 
tension was produced by a fall in peripheral 
resistance no change in the pulse rate occurred. 
The decrease in pulse rate in this case was pro- 
duced by over-stimulation of the vagus nerve and 
an increase in pulse rate was associated with either 
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a reduction in the venous return or a reduction 
in the force of contraction of the heart. This 
would suggest that in the case of induced hypo- 
tension an increase in pulse rate is indicative of 
danger. Current investigation suggests that, 
since 60 per cent of coronary filling occurs in dias- 
tole (Gordon, 1957), intravenous hydergine in a 
dosage of 0.2 mg/stone body weight may have a 
beneficial effect by slowing the heart in these 
cases. 


Blood Pressure Changes. 


Two different estimates of the effect of the 
hypotensive drug on the blood pressure have been 
used, as has been explained earlier. 

The value of the lowest systolic blood pressure 
has been classified into three groups, i.e. 40-55, 
60-75, and 80-90 mm Hg. The pressure ratio 
values have been grouped into 0.29 and below, 
0.30—0.49, and 0.50 and above. 

In tables [Xa and [Xs the main facts are sum- 
marized for sex, age, weight, drug, etc. The two 
facts which stand out are that the younger the 


TABLE IXA 





Hexamethonium Trimetaphan 


Chlorpromazine 
(Trimetaphan) 



































Systolic Sex Average Average Average Average 
pressure —-—-- age in weight dose in dose in Average dose 
mm Hg No. F years inkg No. mg/kg No. mg/kg No in mg/kg 
40-55 24 14 10 49.2 62.3 5 1.36 9 2.97 10 Chlorpromazine: 0.88 
Trimetaphan: 2.36 
60-75 22 9 13 45.8 62.5 6 1.46 6 3.94 10 Chlorpromazine: 0.86 
Trimetaphan: 3.84 
80-90 6 3 3 39.7 67.7 4 1.47 0 — 2 Chlorpromazine: 1.11 
Trimetaphan: 6.86 
TABLE IXB 
Chlorpromazine 
Hexamethonium Trimetaphan (Trimetaphan) 
Systolic Sex Average Average Average Average 
pressure - ———— age in. weight dose in dose in Average dose 
ratio No M. F years in kg No. mg/kg No. mg/kg No. in mg/kg 
0-0.29 8 4 4 52.5 59.9 2 1.29 3 3.93 3 Chlorpromazine: 1.10 
Trimetaphan: 1.41 
0. 30-0.49 33 15 18 47.2 63.9 8 1.52 12 3.46 13. Chlorpromazine: 0.86. 
Trimetaphan: 3.03 
0.50-1.0 11 7 4 35.7 62.6 5 1.35 0 — 6 Chlorpromazine: 0.85 


Trimetaphan: 5.35 
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patient the smaller the effect of the hypotensive 
drug and, further, the dose of drug given is 
greatest where the effect is least. This second con- 
clusion is rather paradoxical and must be ex- 
plained by the fact that a failure to reduce the 
pressure caused an increase in the dose given in 
the hope, proved groundless, that the pressure 
would drop further. 

This effect of the drug is particularly noticeable 
when chlorpromazine and trimetaphan are the 
drugs used. Similar conclusions have been arrived 
at by Enderby (1950), Enderby and Pelmore 
(1951), and Kilduff (1954). 

In table X the two measures of the effectiveness 
of the drug are compared both as to number of 
cases and ages. A combination of a low pressure 
ratio and a low systolic blood pressure means that 
the drug has been very effective whereas a high 
pressure ratio and a high systolic blood pressure 
means that the drug has had very little effect. 

The table shows a similar pattern with regard 
to age to the previous table and once again 
demonstrates that the young are resistant to this 
technique. In the majority of cases the pressure 
ratio is of the order of two-fifths and the lowest 
systolic blood pressure of the order of 60 mm Hg. 

The e.c.g. changes do not appear to be clearly 
related to either the pressure ratio or the value 
of the lowest systolic pressure. Nodal rhythm 
appears to be more frequent for low values of the 
systolic pressure but is not related to pressure 
ratio. 

The e.c.g. changes are not more marked among 
those cases where the hypotensive blood pressure 
was lowest. This suggests that the action of the 
heart is not seriously affected in the pressure 
range investigated; the reduction in coronary flow 
must be compensated by the reduction in cardiac 


work. Eckenhoff (1950) experimenting on dogs 
under spinal analgesia found that the fall in blood 
pressure so produced led to a 56 per cent reduc- 
tion in cardiac work with coronary flow diminish- 
ing only 26 per cent, so that coronary flow 
became more abundant relative to cardiac needs. 
Moreover, Little (1957) has reported that the co- 
efficient of myocardial oxygen extraction is not 
increased during hypotensive anaesthesia. How- 
ever, when the pressure falls sufficiently low the 
circulation must collapse as the relationship be- 
tween pressure and flow is not linear, but the 
present work gives no indication as to the point at 
which this occurs. 

Pask (1955), citing Burton (1954), has sug- 
gested that this critical closing pressure is of the 
order of 50 mm Hg for the vessels of the hand, 
and Schwartz et al. (1957) suggest that the critical 
level for coronary inflow is as low as 10-15 mm 
Hg. 
Katz (1958) has shown that oxygen consump- 
tion by the heart is determined by the total effort 
of the heart which includes the static effort (pres- 
sure work) and the dynamic (output work); the 
static work is the more important component so 
that a decrease in blood pressure would be ex- 
pected to reduce the oxygen consumption for a 
given amount of circulatory work. This suggests 
that myocardial ischaemia is unlikely to occur 
during hypotensive anaesthesia and explains why 
this technique is particularly successful in hyper- 
tensive patients. 

Beck (1958) has shown that the serious effects 
of myocardial ischaemia leading to fibrillation are 
caused by uneven oxygenation of the heart (“pink 
and blue” heart) and that it is these oxygen dif- 
ferentials which cause pronounced changes in the 
ST segment and T wave of the electrocardiogram. 


TABLE X 





Systolic pressure ratio 











Lowest systolic BP mm Hg 0-0.29 0.30-0.49 0.50—1.0 
6 18 0 
40-55 (av. age 53.3) (av. age 46.7) 
1 13 8 
60-75 (age 58) (av. age 46.4) (av. age 37.6) 





1 
(age 42) 





2 3 
(av. age 52.5) (av. age 30.3) 
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There appears to be no special reason why hypo- 
tension should cause an oxygen differential in the 
heart as all areas should receive a similar reduc- 
tion in blood flow unless the coronary vessels are 
differentially sclerosed. On the other hand with 
healthy coronary arteries the e.c.g. may remain 
normal until the pressure falls so low that asys- 
tole occurs. 


Duration of Low Pressure Period. 

In order to see whether there was any effect 
due to the maintenance of low blood pressure for 
long periods the cases were divided into 3 groups 
according to the length of this period. In 9 cases 
the duration was less than 35 minutes, in 30 cases 
35-90 minutes, and in 13 cases 95 minutes or 
more. 

The e.c.g. changes are not correlated with the 
duration of the low pressure, with the possible 
exception of P wave changes which appear to be 
more prevalent in cases of medium and long dura- 
tion. Of 10 out of 11 cases showing either nodal 
rhythm or P wave changes 5 have medium and 
5 long duration. 

In general, recovery of the e.c.g. pattern during 
the low pressure period did not occur in this 
series, while, on the other hand, Wenger et al. 
(1953) and Mazzia et al. (1956) have reported 
such recovery. 


E.c.g. Changes During Hypotension. 

In the previous paragraphs the dependence of 
the e.c.g. changes on the various factors has been 
discussed and overall there does not appear to be 
a strong correlation between these changes and 
either the drug used or the lowest pressure 
reached. The effects of age and pulse rate changes 
appear of greater significance. 

It yet remains to examine what e.c.g. changes 
occur during hypotension, remembering that in 
the absence of good correlation between these 
changes and the hypotension some of the changes 
may well be due to other causes. Out of 52 cases 
only 10 showed no significant change, and 24 
showed major changes, i.e. changes in the P wave, 
ST segment and/or T wave. 

Six cases showed nodal rhythm and a further 5 
showed reduction in the height of the P wave (in 
3 cases P was inverted in lead III). In no instance 
was a significant change found in lead I or in the 
chest leads. 
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Only 1 case each of a significant change in the 
PQ and QRS intervals occurred. Sixteen cases of 
changes in the QT, interval were found but most 
of these would not have been significant as QT. 
Nine of these cases were shortenings and 7 pro- 
longations (table VII). The relationship between 
the nature of the change and the drug has already 
been discussed. Six or the 7 prolongations were 
associated with a significant increase in pulse rate 
and T wave changes and 2 were associated with 
ST segment changes as well (table VIII). 

Changes in the QRS complex occurred in half 
the cases, changes in the electric axis being more 
common than in the electric vector. Previous 
analysis (Rollason and Hough, 1957, 1958) has 
shown that such changes occur very frequently 
and probably are chiefly due to mechanical move- 
ment of the heart in relation to the electrodes and 
are consequently of little significance. 

Six cases showed ST changes, all of which had 
T wave changes in addition (table V). Three cases 
showed ST changes in the standard leads (mainly 
lead II) and all were depressions; lead II, how- 
ever, is reputed to be the least reliable of the 
standard leads because of the frequency of strong 
auricular T waves, which are negative, in this 
lead (Wood et al., 1950). The associated T wave 
changes were all flattenings. The other 3 cases 
showed ST elevations in lead V3 (1 also in V5) 
and in 1 of these cases the associated T wave was 
increased and changed sign in lead I. 

Thirteen cases showed T wave changes without 
associated ST changes; 9 of these showed changes 
in the standard leads (mostly lead II). Eight were 
flattenings and 1 was an elevation of the T wave 
in leads II and III. 

The changes in the precordial leads were 
mainly in V3 and were of both signs. Tall peaked 
T waves in V2, V3, and V4 may be associated 
with coronary insufficiency (Ashby and Davies, 
1957). 

Recovery of the e.c.g. pattern during the low 
pressure period was rare in this series. This may 
be due to the fact that very few of the changes 
reported could be regarded as gross. 

The primary object of this study of the e.cg. 
changes was to investigate the possibility of myo- 
cardial ischaemia developing during the low pres- 
sure period. The classical signs of myocardial 
ischaemia are ST depression and T wave inver- 
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sion. In this series 19 cases showed some change 
in the ST segment and/or T wave but only 6 
showed changes in both ST and T. The changes 
were rarely very large in the standard leads and 
some were in fact an improvement in an existing 
abnormal pattern. 

The postoperative e.c.g. showed a reversion to 
the pre-operative pattern and suggested that no 
permanent damage occurred. 


CONCLUSIONS 


Males patently showed more e.c.g. changes than 
females. The younger age groups showed more 
changes in the e.c.g. pattern and were more re- 
sistant to blood pressure fall than the older age 
groups. Cases receiving the larger doses of the 
hypotensive drugs did not show a greater blood 
pressure fall than those receiving smaller doses. 

Cases showing a significant increase in the 
pulse rate showed a greater tendency to e.c.g. 
changes. This finding was more common when 
hexamethonium was the hypotensive drug used. 
Changes in the P wave were more frequent with 
chlorpromazine and trimetaphan than with the 
other two hypotensive combinations. 

The average blood pressure in the group of 
hypertensive patients was only slightly higher 
than the average for all cases during the low pres- 
sure phase. E.c.g. changes in this group were a 
little more frequent than for the normotensives 
group but there were no signs of marked changes 
except in a patient with malignant hypertension, 
where a classical left ventricular strain pattern 
reverted to a virtually normal tracing during the 
low pressure phase. 

There was little correlation between the lowest 
systolic blood pressure reached and the e.c.g. 
changes, suggesting that coronary flow was ade- 
quate for the cardiac work in the pressure range 
investigated. 


SUMMARY 


In a series of 52 unselected cases operated on 
under hypotensive anaesthesia produced by 
ganglionic blockade electrocardiograms have been 
studied using the three standard and three pre- 
cordial leads. 

No catastrophic patterns in the e.c.g. occurred 
but 24 cases showed major changes, 18 minor 
changes, and 10 no change. 





No evidence of permanent heart damage was 
detected. 
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CARDIAC OUTPUT DURING HALOTHANE ANAESTHESIA 


BY 


J. P. PAYNE, DAWN GARDINER, AND I. R. VERNER 
Department of Anaesthesia, Postgraduate Medical School, London, W.12 


THE study to be described represents an attempt 
to demonstrate the effect of halothane anaesthesia 
on the cardiac output of twelve healthy volunteers 
who were about to undergo surgery. 

The estimation of cardiac output in man is 
based either on the Fick principle (Cournand and 
Ranges, 1941) or on the dilution curve (Kinsman, 
Moore and Hamilton, 1929). The use of the Fick 
Principle during general anaesthesia is compli- 
cated by the fact that the measurement of oxygen 
consumption during the administration of an in- 
halational agent is an extremely tedious and dif- 
ficult procedure; indeed, there is some doubt 
whether oxygen consumption can ever be 
measured accurately under such circumstances. It 
was obvious, therefore, that a dilution curve tech- 
nique would be preferable and, in practice, the 
choice lay between the injection of a radio-active 
isotope such as I'*! labelled serum albumin 
(Pritchard et al., 1952), or the use of T-1824 
(Evans Blue) dye (Werké, et al., 1949). The main 
advantage of the radio-active isotope method is 
the simplicity of procedure, but this is outweighed 
by the absence of established criteria and by the 
expense of the equipment required. It was de- 
cided, therefore, to use the Evans blue dye dilu- 
tion technique. 


PROCEDURE 


Two hours before the patient was due in the 
operating theatre, 3 grains (200 mg) pentobar- 
bitone was given by mouth, and an hour later 
1/100 grain (0.65 mg) of atropine was injected 
intramuscularly. 

On arrival in the anaesthetic room e.c.g. leads 
were connected to the patient for continuous 
monitoring throughout the procedure. A stetho- 
scope was placed over the right brachial artery and 
a sphygmomanometer cuff applied. A superficial 
vein in the left antecubital fossa was exposed 
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under local anaesthesia (2 per cent lignocaine), 
through a small incision along the longitudinal 
axis of the vein. The vein was ligated distally and 
opened. A small bore polythene catheter was 
threaded through until its tip was judged to be 
in the superior vena cava in the vicinity of the 
right atrium. A slow infusion of normal saline 
maintained the patency of the catheter. An oxi- 
meter was applied firmly to the right ear and the 
patient given 100 per cent oxygen to breathe 
through a Magill (Mapleson “A”) attachment, at 
a flow rate of 6 litres per minute. At this stage a 
10-ml blood sample was taken to provide a plasma 
blank. Ten minutes later the first injection of 
10 mg of Evans blue dye was made. The concen- 
tration of dye in the arterial blood led to a change 
in the absorption of light by that blood. This was 
measured by the ear-oximeter and, after amplifi- 
cation by means of a Cambridge amplifier, was 
charted by an Evershed-Vignoles pen recorder 
(Shillingford, 1958). Once the dye dilution curve 
had settled and a constant tail had been estab- 
lished, the recording was discontinued. The resi- 
due of the dye was then withdrawn from the 
catheter together with a further 15 ml of blood to 
ensure adequate cleansing. Two further samples, 
each of 10 ml, were taken; one at 7 minutes and 
the other at 10 minutes after the dye injection. 
Induction with halothane was begun by divert- 
ing part of the oxygen flow through a B.O.C. 
halothane bottle attached to a Boyle’s machine. 
The concentration of halothane was gradually in- 
creased until anaesthesia was adequate. At no 
time was the concentration of halothane greater 
than 5 per cent. Induction took approximately 5 
minutes and was usually uneventful. Ten minutes 
later when the patient was stabilized in the second 
plane of surgical anaesthesia and was breathing 
a concentration of approximately 2 per cent 
halothane in oxygen, the next injection of dye was 
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made. The procedure after the second injection 
of dye followed exactly that described for the 
first injection. 

The estimation of Evans blue concentration in 
plasma was based on the modification (Murray and 
Shillingford, 1958) of the cellulose-absorption, 
acetone-elution method of Allen (1951). The 
extraction method is preferred to the direct esti- 
mation of the dye in plasma because it eliminates 
the innaccuracies introduced by the presence of 
lipaemia or haemolysis (Gregersen, 1938). When 
the dye level in the tail of the curve has been esti- 
mated, the dye concentration throughout its course 
can be calculated at regular intervals, and the 
results plotted on semilogarithmic graph paper. 
The cardiac output can then be calculated accord- 
ing to the formula: 





60x I 100 
CO= 
SC ~*~ (00-Htc) 
Where CO = Cardiac output in litres/minute. 
I = Quantity of dye injected in mg. 
SC = Sum of concentrations at 1-sec- 
ond intervals under area of 
curve. 
100 ; 
ee 1 . 
(100i = Blood / plasma ratio 
Htc = Haematocrit corrected _ for 
trapped plasma and total body 
haematocrit. 
RESULTS 


Cardiac outputs and blood volumes were estimated 
before and after the induction of halothane anaes- 
thesia in twelve healthy male patients undergoing 
herniorraphy or interval appendicectomy. In 
seven patients the cardiac output was raised after 
the induction of halothane anaesthesia. In the 
remaining five it was lowered. The mean of the 
control cardiac outputs was 5.79 litres, and this 
rose to 6.10 litres after the induction of anaes- 
thesia. The range of the twelve cases was 8.79 
litres for the control period and 4.74 litres under 
anaesthesia. The standard deviation for the control 
was 2.77, and for anaesthesia 1.44. 

The blood volume was increased in nine of the 
twelve patients and in the remaining three it was 
reduced. The mean blood volume in the pre- 
induction series was 4.9 litres with a standard 
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deviation of 0.61. Once anaesthesia was established 
it rose to 5.6 litres, standard deviation 0.64. 

There was no significant difference in the cir. 
culation time as judged by the appearance time 

Blood pressure records are available for eleven 
of the twelve patients. In ten of these patients the 
blood pressure fell after the induction of anaes 
thesia, and in the remaining patient it was un. 
altered. There was no evidence to show that the 
extent of the fall in blood pressure was directly 
related to a change in cardiac output. 

The results obtained are set out quantitatively 
in tables I and II. 


DISCUSSION 


The method used to induce anaesthesia with halo- 
thane was deliberately chosen to avoid any pos 
sible confusion in the interpretation of the 
results. Other workers, notably Severinghaus and 
Cullen (1958), have reported falls in cardiac out. 
put during halothane anaesthesia, but with their 
techniques it is difficult to exclude the possibility 
that the lowered outputs were due to factors 
unconnected with the halothane anaesthesia. 

The use of halothane alone has another advan- 
tage: the pattern of central depression follows 
closely that described by Guedel (1937) for ether, 
and the depth of anaesthesia is easy to assess. The 
patient advances rapidly through the various stages 
once induction has begun, and the specific planes 
of surgical anaesthesia are readily identified. 

It is well recognized that without heavy pre 
medication it is virtually impossible to obtain a 
basal resting state in patients about to undergo 
surgery. The emotional stress involved usually 
leads to a metabolic rate considerably higher than 
the anticipated value. In five separate groups of 
patients awaiting surgery Johnson (1951) found 
oxygen consumption rates between 14 and 27 per 
cent above the calculated levels. Similarly in this 
series, the wide range of the cardiac output 
figures estimated before anaesthesia implied 4 
varying degree of nervousness, which might have 
been overcome by more liberal use of premedica- 
tion. The reduction in the range after anaesthesia 
was induced would appear to support this inter- 
pretation. It was decided, however, that the pre- 
medication employed should follow the pattern 
normally prescribed in our routine practice. 
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TABLE I 

Details of haemodynamic changes induced in twelve patients by halothane anaesthesia. 
BLOOD CARDIAC |JAPPEARANCE] BLOOD 

PATIENTS, PRESSURE OUTPUT TIME VOLUM 
UME 

INITIALS AGE mm He LITRES / MINUTE SECONDS LITREes 
BEFORE| AFTER | BEFORE] AFTER | BEFORE] AFTER | BEFORE /AFTER 
AA. | 50 - - 14-095] 7-07 | I! 10 | 4-40] 5-55 
t.c. | 36 }'/70| %60] 6:56 | 7:99 | 8 | 10 | 5-82] 5-93 
um.c. | 35. J'2%icol!'9/a0 10-59 | 6:0 10 | 10 | 5-748] 5-16 
F.¢. | $2 1'7°/ 90 WO7 aq] 2-025| 5-12 | 17 | 14 | 4-58 | 5-13 
bt. 72 12°/80 "0/45 14-68 | 6-725] 20 | 13 | 4-95 | 6-16 
w.J. | 46 19/50 }"°/ 70 9:06 | 7-2! 8 9 15-71 | 5-23 
HK. | 6! H'°/ 70 65/40] 2-97 | 3-71 12 | 15 | 3-79 | 4-65 
O.K. | 32 1'30/,, 109/75 10-82 | 6-72 9 | 9 | 5-39 | 5-01 
HL. 1 49. |3hool 8%60 | 6-095] 4.79 J 11 | 15 | 4-3! | 66 
cp | 36 J'2%s0]'%/70] 4-698] 3-245] 15 | 15 | 4:89 | 5:38 
wr | 57. |'2%7e0|'%70f 3-45 | 7:28 9110 | 46 | 5-52 
ew 1 43. 1'2%7gol'2%so] 4.50 | 7:38 | 16 | 14 | 5-26 | 6-87 

TABLE II anaesthesia is slightly higher than before induc- 


Analysis of cardiac output and blood volume figures 
before and after the induction of halothane 
anaesthesia. 























CARDIAC OUTPUT BLOOD VOLUME 
uitres / MINUTE LITRES 
BEFORE | AFTER BEFORE | AFTER 
MEAN 5:79 6-10 4-9 5 6 
STANDARD , ‘ § 
erm, | 2:77 | 1-44 | O-6! | 0:64 
P= >O-O5 P< < 0-05 

















From table I it can be seen that the tendency 
is for high cardiac outputs to fall once anaesthesia 
is established, and for low outputs to rise. Al- 
though in the majority of patients the outputs 
have increased, and the average output during 


tion, on applying Student’s “t” test the figures 
are not found to be statistically significant 
(P>0.05). It can be concluded, therefore, that 
halothane has no significant action on the output 
of the heart during short anaesthetics in man. 
Some degree of hypotension is a fairly constant 
feature of halothane anaesthesia, and Raventdés 
(1956) postulated that this was due to a selective 
action of the agent on mesenteric ganglia. This 
explanation was rejected by Burn (1957) and his 
colleagues, who demonstrated that in the eviscer- 
ated cat the hypotensive response to halothane 
was just as marked in the absence of the mesen- 
teric blood flow. They suggested that the fall 
in blood pressure was due to a depression of 
central vasomotor centres combined with dim- 
inished cardiac output, but it is obvious from a 
consideration of the data presented here that there 
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is no direct relationship between the fall in blood 
pressure and the cardiac output in man. 

Depression of the central vasomotor centres by 
general anaesthetics has previously been evoked 
by Lynn and Shackman (1951) to explain the 
rapid onset of vasodilatation after the induction 
of anaesthesia. From a clinical standpoint vaso- 
motor paralysis could certainly explain, not only 
the hypotension, but also the warm dry skin and 
markedly dilated superficial veins, which are such 
a feature of anaesthesia with halothane. 

Of the twelve patients studied, three showed a 
diminished blood volume as well as a reduced 
cardiac output after the induction of anaesthesia, 
and it is probably no coincidence that these 
patients had the highest pre-induction outputs 
recorded in the series. The remaining nine patients 
showed a considerable increase in blood volume 
once anaesthesia was established, and the average 
increase of 0.7 litres for the whole series, on 
statistical analysis by applying Student’s “t’” test, 
was found to be probably significant (P<0.05). In 
view of this it is planned to carry out a more de- 
tailed study of blood volume changes induced by 
halothane anaesthesia. If this observation can be 
confirmed then it ought to be possible to demon- 
strate the source from which this additional blood 
is mobilized, and the mechanism by which the 
mobilization is achieved. 


SUMMARY 


Both before and after the induction of anaesthesia 
with halothane, cardiac outputs and blood volumes 
were measured in twelve patients about to un- 
dergo surgery. 

Although there was a slight rise in the mean 
cardiac output after induction, statistical analysis 
showed that this increase was not significant. 

The mean blood volume was also raised, and 
in this instance the increase is probably signifi- 
cant. 
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“But of all the mechanical devices for anaesthe- 
tisation, those which had for their object the 
administration of chloroform by the percentage 
system deserve special notice.” 

This quotation from Hewitt’s Anaesthetics and 
their Administration is followed by another. 
“The first scientifically accurate apparatus seems 
to have been that of Dubois.” This was described 
in the British Medical Fournal, June 20, 1903. 
Four litres of air were conveyed by means of a 
pump to the mask over the patient’s face. In the 
course of its passage it picked up and vaporized 
varying amounts of chloroform. Since that 
time numerous instruments have been made 
which are capable of giving a percentage known 
within sufficiently narrow limits to be of con- 
siderable help in the practice of giving chloro- 
form. Anaesthetists who were in the habit of 
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giving chloroform by the “rag and bottle” method 
were well aware of the lifting of anxiety when 
they first began to use the Vernon Harcourt or 
Roth Drager inhalers. Recently, Waters in his 
book on chloroform says: “To make chloroform 
safe we will have to provide ourselves with means 
of changing the concentration of vapour in such 
a manner as to vary it, both up and down, in in- 
crements of 0.1 per cent or less as well as means 
of adding it to an atmosphere enriched by 


Since 1912, with intervals somewhat pro- 
longed by wars and other unpleasant distractions, 
experiments have been made by the writer with 
just this end in view, namely to design an instru- 
ment capable of delivering chloroform vapour of 
known strength and variable to a nice degree of 
accuracy. 

A small conical tube about an inch long was 
supplied with the Vernon Harcourt chloroform 
inhaler with instruction that to increase the per- 
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centage of chloroform going to the patient, this 
tube should be put into the inlet of the chloro- 
form bottle. Simple as this manoeuvre was, the 
explanation of its action in increasing the per- 
centage of chloroform coming over was not 
immediately obvious. However, experiments made 
at that time showed that the two main factors in- 
fluencing the percentage of chloroform picked 
up by a stream of air or oxygen passing over its 
surface were the temperature of the chloroform 
and the extent of its surface; the rate of flow of 
the air or oxygen, the nearness of the surface of 
the chloroform to the incoming gas, the angle at 
which this latter hit the surface of the chloroform, 
affected the percentage only in so far as they 
altered the area of the surface. The conical tube, 
by narrowing the inlet, caused a larger wave on 
the surface of the chloroform and so increased 
its area. 

After the interruption caused by the First 
World War, work was resumed and a thermo- 
statically controlled apparatus was made. It was 
heated by an electric bulb placed in the chloro- 
form. It was never used clinically as chloroform 
was rapidly falling into disuse as an anaesthetic 
except as an adjunct to ether in patients difficult 
to relax with that anaesthetic. Now that halothane 
is being so widely used a percentage inhaler is 
a very desirable even if not quite an essential 
piece of apparatus for the practising anaesthetist. 
The Fluotec made by the Cyprane Co. is such 
an apparatus. It is thermostatically controlled, the 
control being exercised by the different rates of 
expansion of metals. 

Another percentage inhaler was described in 
the British Ffournal of Anaesthesia (Hill, 1958). 
It has been successfully used in practice, but as it 
is not thermostatically controlled it requires 
tables, reference to which is a nuisance. It has 
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now been altered in several particulars. The 
vessel containing the halothane has been enlarged, 
the inlet pipe has been so arranged that it keeps 
always at the same distance above the surface of 
the liquid, and a thermostat has been installed 
which can be set at 70°F (21°C) or at 77°F 
(25°C) (see diagram). With the temperature of 
the halothane at either of these points oxygen is 
passed over its surface and so to a flask of 600 ml 
capacity. The weight of this flask full of oxygen 
is known, so any increase in weight will be due 
to halothane. The calculation runs as follows: 
600 ml of halothane vapour weighs 5.3 g 


600 ml of oxygen weighs 0.852 g 
The difference 4.448 g 
(say 4.5 g) 


If all the oxygen in the 600 ml flask is replaced 
by halothane vapour the increase in weight will 
be 4.5 g = 100 per cent, so 1 per cent will be 
0.045 g or 45 mg. The increase in the weight of 
the flask divided by 45 gives the percentage of 
halothane in the flask. No correction has been 
made for temperature and pressure changes. If 




















pressure is high it tends to offset the effect of 
temperature; if low the percentages are slightly 
higher than the figures given. 


RESULTS 


The results obtained with this apparatus are set 
out in table I. The striking feature is the uni 
formity of the percentage of halothane coming 
over at all rates from 250 ml to 3 litres per 
minute. 

An examination of table I shows that taking 
8.45 as the mean percentage, the extreme varia 
tion from this point is 0.35. As such a percentage 
as 8.45 will never be required it will be divided 
by some number between 3 and 16, the resulting 
error should be from 0.1 per cent downwards. 

To confirm this I diluted this stream of oxygen 
containing halothane at 8.4 per cent, with various 
amounts of oxygen passed round the container, 
and weighed the mixture. The results were both 
surprising and disappointing. Table II is typical 
of them all. 

Scores of experiments of this type were made 
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TABLE I 
Halothane, Thermostat 21°C 





Rate Time Percentage 








9.29- 9.33 
9.35— 9.40 
9.43— 9.47 
9.50— 9.54 
9.56-10.0 


10.6 —10.9 
10.11—10.14 
10.17—10.20 
10.22—10.25 


10.29-10.31 
10.33-10.35 
10.37—10.39 
10.41—10.43 


10.56-10.57 
0.58 


1. 
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TABLE II 





Diluted Calc. Found Excess 
mi % with ml % % % 


250 8.2 1000 
600 9.0 1800 
1000 8.8 3000 
1500 8.6 3000 
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with the thermostat set at 21°C and at 25°C 
and in every case the percentage of halothane in 
the mixture was found to be in excess of the cal- 
culated amount. Moreover the excess tended to 
diminish as the volume of the diluting oxygen 
increased. As these results were constant it seemed 
that they could scarcely be accounted for by 
experimental errors. So what was the cause? The 
first suggestion that presented itself was that the 
flowmeter carrying the diluting oxygen was set 
too high, that when it registered 1 1./min it was 
in fact passing some smaller quantity. So the 
flowmeters were changed round. The results were 
the same. The next experiment solved the puzzle. 

Oxygen was passed through the flowmeter 
which carried the stream round the halothane 
container, at the rates shown in table III, to the 
weighing bottle which when full of oxygen 
weighed 127.116 g. 
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TABLE III 
iff 

Rate Weight of ee 

(1. /min) bottle (g) (mg) % 
l 127.160 44 0.9 
1.5 127.148 32 0.7 
2 127.142 26 0.6 
3 127.138 22 0.5 





If the thermostat was set at 25°C instead of 
21°C as above the figures were of the same order 
but slightly higher (table IV). 











TABLE IV 
ifferen 
Rate Weight of cron 
(1./min) bottle (g) (mg) % 
1 127.166 50 1.1 
1.5 127.156 40 0.9 
y 127.146 30 0.7 
3 127.142 26 0.6 
4 127.138 22 0.5 





Here then was the source of the excess halo- 
thane over that calculated. Apparently the stream 
of oxygen passing round the halothane reservoir 
was sucking halothane from its container at the 
point where it joined the exit tube from the 
reservoir. The two factors of dilution and suction 
were operative. As the stream increased the 
dilution factor preponderated over the suction 
factor; e.g. it was 1.1 per cent at 1 litre and 0.5 
per cent at 4 litres. What is the error that this 
excess of halothane introduces into the calcula- 
tions? The magnitude of it is obviously greater 
at slow flows, of say 1 1./min rather than at 4 
]./min. 

Thus a flow of 250 ml/min over the halothane 
gave 8.2 per cent in a certain experiment. Dilu- 
tion with 1 litre of oxygen should give 1.6 per 
cent, but in the final mixture this litre brings an 
additional 0.9 per cent so we should expect 1.8 
per cent. In two estimations 2 per cent and 1.8 
per cent were found, a difference of 0.2 per cent 
at the worst. If the 250 ml were diluted with 2 
litres of oxygen, which would add 0.6 per cent, 
the corresponding figures would be 8.2 divided 
by 9= 0.9 per cent, and 8.8 divided by 9 = 0.97 
per cent, a difference of 0.03 per cent. With the 
thermostat at 25°C the percentages shown in 
table V were obtained. 






















TABLE V 





Rate of oxygen passed over 





halothane (per min) Percentage 
250 ml 9.8 (8) 
500 ml 10.1 (9) 
1 litre 10.4 (10) 
1.5 litre 9.8 (8) 
2 litres 9.8 (9) 





The figures in parenthesis show the number of obser- 
vations from which these percentages were obtained. 


Table VI shows the result of diluting these 
percentages with different amounts of oxygen 
flowing round and subsequently mixed with the 
stream coming over the halothane. It also shows 
the range obtained by these dilutions and the 
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oxygen supply. In this apparatus the flow of oxy. 
gen over the halothane comes from the sam 
source as that which flows round it, so that if jt 
fails the patient stops receiving halothane. In some 
inhalers, notably one referred to by Morris 
(1952), the oxygen that flows over the anaesthetic 
comes from a different source from that which 
dilutes. If this latter fails and the failure is ng 
instantly noticed a dangerous percentage would 
immediately be exhibited to the patient. This 
seems a source of possible danger. 


Directions. With the thermostat at 21°C 
assume that 8.5 per cent of halothane is coming 
over at all rates. At 25°C 10 per cent of halo 
thane comes over and these quantities must 
diluted with the oxygen coming round as th 
anaesthetist requires. 














TaBLe VI 
2 3 4 5 ‘4 8 9 0 | 
Rate of Add : 
oxygen halothane 
over Diluted with 
halothane with Div. Cal Found Diff. diluted Total Cale, 4 
(per min) (litres) by % % oxygen % 70 = 
250 ml 98 1 5 19 23 04 1.1 10.9 225 
500 ml 10.1 2 5 2.0 22 02 0.7 10.8 217 
1 litre 10.4 3 + 2.6 2.9 0.3 0.6 11.0 2.758 
1 litre 10.4 4 5 2.1 2.3 0.2 0.5 10.9 2.29 
1.5 litre 9.8 3 3 3.3 3.6 0.3 0.6 10.4 3.5 3 
2 litres 9.8 4 3 3.3 3.4 0.1 0.5 10.3 34% 
degree of accuracy that can be expected from the ACKNOWLEDGMENTS 


method. The difference between columns 6 and 
10 is in no instance as much as 0.2. 

There are two points which need emphasis. 
Firstly, an instrument that can give as much as 
10 per cent of halothane is potentially dangerous. 
The anaesthetist using it must understand it. 
Granted this he can tell the quantity and quality 
of the mixture he is presenting to the patient. 
This is not the percentage in the patient’s lungs; 
that, of course, depends upon the composition of 
the mixture of the stream coming from the in- 
haler and the atmosphere in the lungs and the 
passages thereto. The second point concerns the 





I am indebted to I.C.I. for supplies of Fluothane; 
Professor Macdonald for the privilege of using ‘his 
laboratory; to his staff for their kind assistance o 
numerous occasions; and to Messrs. Cowlishaw, of 
42 Bridgeford Street, Manchester. 15, the makers of the 
apparatus, whose patience with modifications ha 
proved endless, and who are prepared to supply it. 


REFERENCES 
Hewitt, Sir Frederick W. (1912). Anaesthetics and thei 
Administration, 4th ed., p. 101. London: Mat 
millan & Co. 

E. Falkner (1958). Volatile anaesthetics: 4 
method for their controlled administration. Brit 
J. Anaesth., 3, 37. 

Morris, L. E. (1952). A new vaporizer for liquid anaes 
thetic agents. Anesthesiology, 13, 587. 


Hill, 





Printed in Great Britain by JoHN SHERRATT & Son, Park Road, Altrincham 























1 SURE MET eR eh oh ps 








STHESIA 


ow of oxy. 
the same 
o that if jt 
e. In some 
DY Morris 
anaesthetic 
hat which 
lure is not 
age would 
ient. This | y 
H 
at 21°C} 
is Coming 
t of halo | 
S must kk 
nd as the} 





le. 
ot 
f 





2 
I 
75 
2 
5 
4 


- 

2 

z 
3 
3. 


othane; @ 
using his 
istance 
vlishaw, of 
akers of the 
ations has 
pply it. 


“s and theit 
on: Mat § 


sthetics: & 
ation. Brit 


quid anaes F 
; 





